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EXECUTIVE  SUMMARY 


This  report  presents  the  results  of  a  treatability  study  (TS)  performed  by  Parsons 
Engineering  Science,  Inc.  (Parsons  ES)  at  CCFTA-2  (FT-17),  Cape  Canaveral  Air  Station, 
Florida  to  evaluate  remediation  by  natural  attenuation  (RNA)  of  chlorinated  aliphatic 
hydrocarbons  (CAHs)  dissolved  in  the  site  groundwater.  The  TS  focused  on  the  fate  and 
transport  of  dissolved  CAHs,  particularly  trichloroethene  (TCE),  dichloroethene  (DCE), 
and  vinyl  chloride  (VC);  however,  petroleum  hydrocarbons  [including  benzene,  toluene, 
ethylbenzene,  and  xylenes  (BTEX)]  are  present  in  site  groundwater.  Residual  and  mobile 
light  nonaqueous-phase  liquid  (LNAPL)  present  in  the  vadose  zone  and  phreatic  soils 
serves  as  a  continuing  source  for  the  dissolved  CAHs  and  BTEX.  Site  history  and  the 
results  of  previous  investigations  are  summarized  in  this  report.  The  use  of  RNA  has  been 
evaluated  with  consideration  to  additional  remedial  actions  at  CCFTA-2  (FT-17),  including 
source  remediation  via  excavation  and  soil  washing,  and  a  horizontal  air  sparging  system 
(HASS)  that  has  been  installed  to  reduce  CAH  concentrations  in  groundwater  that 
discharges  to  surface  water. 

Comparison  of  CAH,  BTEX,  electron  acceptor,  and  biodegradation  byproduct  isopleth 
maps  for  CCFTA-2  (FT-17)  provides  strong  qualitative  evidence  of  biodegradation  of 
dissolved  CAHs.  These  geochemical  data  strongly  suggest  that  reductive  dehalogenation 
of  dissolved  CAHs  is  occurring  at  the  site  as  microbes  utilize  natural  organic  carbon, 
BTEX,  and  other  fuel  hydrocarbons  as  substrates.  Despite  the  presence  of  mobile 
LNAPL,  BTEX  concentrations  in  groundwater  are  low  and  will  likely  continue  to  drop  as 
fuel  compounds  are  consumed  as  substrates.  Patterns  observed  in  the  distribution  of 
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CAHs,  daughter  products  of  CAHs,  electron  acceptors,  and  biodegradation  byproducts 
further  indicate  that  biodegradation  is  reducing  the  concentration  of  CAHs  dissolved  in  site 
groundwater.  Field-scale  first-order  dehalogenation  rates  of  0.00007  day'1  to  0.0005  day'1 
(equivalent  to  half-lives  of  3.8  to  27  years)  were  calculated  using  site-specific  CAH  data. 

An  important  component  of  this  study  was  an  assessment  of  the  time  required  to  attain 
groundwater  and  surface  water  standards.  To  perform  this  task,  a  numerical  groundwater 
flow  and  solute  transport  model  was  developed  for  the  site  using  the  USGS  groundwater 
flow  modeling  code  MODFLOW  and  the  transport  modeling  code  MT3D.  After 
calibration  and  sensitivity  analyses,  the  combined  model  was  used  to  evaluate  the  fate  and 
transport  of  dissolved  CAHs  in  the  shallow  groundwater  under  the  influence  of  advection, 
dispersion,  sorption,  and  biodegradation.  Input  parameters  for  the  model  were  obtained 
from  data  collected  by  Parsons  ES.  Model  parameters  that  were  not  measured  at  the  site 
were  estimated  using  reasonable  literature  values. 

Model  predictions  were  made  for  two  scenarios.  The  first  scenario  was  a  baseline 
scenario  constructed  with  the  assumption  that  the  contaminant  source  would  not  be 
removed,  but  that  CAH  dissolution  from  source  area  LNAPL  and  soils  into  groundwater 
would  naturally  decrease  at  a  rate  of  10  percent  per  year  (each  concentration  was  decreased 
by  a  factor  equal  to  10  percent  of  the  previous  year’s  concentration).  The  results  of  this 
model  suggest  that  CAH  concentrations  that  could  migrate  beyond  the  location  of  the 
HASS  would  drop  below  50  pg/L  after  46  to  53  years,  although  source  area  concentrations 
would  exceed  50  pg/L  for  more  than  70  years.  The  second  predictive  scenario 
incorporated  the  assumption  that  the  source  would  be  excavated  just  before  the  beginning 
of  the  model  year  corresponding  to  1998.  This  would  immediately  reduce  source  loading 
by  90  percent,  with  the  remaining  source  weathering  at  a  rate  of  10  percent  per  year. 
Results  of  this  model  suggest  that  CAH  concentrations  that  could  migrate  beyond  the 
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location  of  the  HASS  would  drop  below  50  pg/L  after  26  to  32  years,  and  that  source  area 
concentrations  would  drop  below  50  pg/L  after  about  60  years. 

The  results  of  the  two  model  scenarios  therefore  suggest  that  RNA  can  best  be  used  to 
reduce  dissolved  CAH  concentrations  to  desired  levels  when  the  source  area  is  remediated 
via  engineered  methods.  At  over  40  sites  evaluated  as  part  of  the  Air  Force  Center  for 
Environmental  Excellence’s  (AFCEE’s)  Natural  Attenuation  Demonstration  Program  (e.g., 
see  Wiedemeier  et  al.,  1995  and  1996c),  source  removal  or  reduction  commonly  has  been 
shown  to  speed  up  the  remediation  time  frame  when  used  in  conjunction  with  RNA. 
Moreover,  the  results  provide  a  time  frame  for  HASS  operation,  suggesting  that  operation 
of  the  HASS  for  26  to  32  years  would  be  sufficient  to  protect  receptors  that  may  be 
impacted  by  the  discharge  of  groundwater  to  surface  water. 

Long-term  monitoring  (LTM)  of  groundwater  chemistry  at  CCFTA-2  (FT- 17)  is 
necessary  to  allow  assessment  of  site  conditions  over  time,  to  confirm  the  effectiveness  of 
naturally  occurring  processes  in  reducing  dissolved  contaminant  mass  and  minimizing 
dissolved  contaminant  migration,  and  to  facilitate  evaluation  of  the  need  for  additional 
remediation,  should  conditions  change.  An  LTM  plan  involving  sampling  of  groundwater 
from  a  minimum  of  eight  wells  and/or  monitoring  points  within  or  on  the  periphery  of  the 
CAH  plume  is  recommended,  along  with  sampling  of  surface  water  at  five  locations.  In 
addition  to  analyses  used  to  verify  the  effectiveness  of  RNA,  the  groundwater  samples 
should  be  analyzed  for  CAH  and  BTEX  compounds  by  US  Environmental  Protection 
Agency  (USEPA)  Method  SW8260.  If  data  collected  under  the  LTM  program  indicate  that 
the  selected  remedial  actions  are  not  sufficient  to  reduce  CAH  concentrations  discharging 
to  surface  water  to  levels  considered  protective  of  human  health  and  the  environment, 
additional  corrective  actions  may  be  required  to  remediate  groundwater  at  the  site. 
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SECTION  1 

INTRODUCTION 

This  report  was  prepared  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES)  and 
presents  the  results  of  a  treatability  study  (TS)  conducted  to  evaluate  remediation  by 
natural  attenuation  (RNA)  of  groundwater  contaminated  with  petroleum  hydrocarbons 
and  chlorinated  aliphatic  hydrocarbons  (CAHs)  at  Site  CCFTA-2  (FT- 17),  located  at 
Cape  Canaveral  Air  Station  (AS),  Florida  (the  Base).  As  used  in  this  report,  RNA 
refers  to  a  management  strategy  that  relies  on  natural  attenuation  mechanisms  to 
remediate  contaminants  dissolved  in  groundwater  and  to  control  receptor  exposure  risks 
associated  with  contaminants  in  the  subsurface.  The  United  States  Environmental 
Protection  Agency  (USEPA)  Offices  of  Research  and  Development  (ORD)  and  Solid 
Waste  and  Emergency  Response  (OSWER)  have  proposed  the  following  definition  of 
natural  attenuation  (Wilson,  1996): 

The  biodegradation,  dispersion,  sorption,  volatilization,  and/or  chemical  and 
biochemical  stabilization  of  contaminants  to  effectively  reduce  contaminant  toxicity, 
mobility,  or  volume  to  levels  that  are  protective  of  human  health  and  the  ecosystem. 

As  suggested  by  this  definition,  mechanisms  for  natural  attenuation  of  petroleum 
hydrocarbons  and  CAHs  include  advection,  dispersion,  dilution  from  recharge, 
sorption,  volatilization,  abiotic  chemical  transformation,  and  biodegradation.  Of  these 
processes,  biodegradation  is  the  most  common  mechanism  working  to  transform 
contaminants  into  innocuous  byproducts.  During  biodegradation,  indigenous 
microorganisms  work  to  bring  about  a  reduction  in  the  total  mass  of  contamination  in 
the  subsurface  without  artificial  intervention  (e.g.,  addition  of  nutrients).  Patterns  and 
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rates  of  natural  attenuation  can  vary  markedly  from  site  to  site  depending  on  governing 
physical  and  chemical  processes. 

RNA  is  advantageous  for  the  following  reasons: 

•  Contaminants  are  transformed  to  innocuous  byproducts  (e.g.,  carbon  dioxide, 
ethene,  or  water),  not  just  transferred  to  another  phase  or  location  within  the 
environment; 

•  Current  pump-and-treat  technologies  are  energy-intensive  and  no  more  effective 
in  reducing  residual  contamination; 

•  The  process  is  nonintrusive  and  allows  continuing  use  of  infrastructure  during 
remediation; 

•  Engineered  remedial  technologies  may  pose  a  greater  risk  to  potential  receptors 
than  RNA  (e.g.,  contaminants  may  be  transferred  into  another  medium  during 
remediation  activities);  and 

•  RNA  is  less  costly  than  conventional,  engineered  remedial  technologies. 

The  disadvantages  of  RNA  include  the  following: 

•  Contaminants  considered  to  be  more  mobile  and  toxic  can  be  produced  as 
byproducts  of  biodegradation  [e.g.,  vinyl  chloride  (VC)]; 

•  The  effectiveness  of  RNA  is  generally  limited  by  site  geochemistry  and  the 
availability  of  substrates; 

•  RNA  may  require  a  larger  groundwater  remediation  zone  than  other  remedial 
alternatives;  and 
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•  RNA  frequently  takes  longer  to  reach  specified  contaminant  concentration  limits 
than  other  remedial  alternatives. 

The  main  emphasis  of  the  work  described  herein  was  to  evaluate  the  potential  for 
naturally  occurring  degradation  mechanisms  to  reduce  dissolved  CAH  concentrations  in 
groundwater  to  levels  that  meet  site  remediation  goals.  As  will  be  discussed  in  Section 
4  of  this  report,  dissolved  fuel  hydrocarbon  concentrations  [in  the  form  of  benzene, 
toluene,  ethylbenzene,  and  xylenes  (BTEX)]  at  the  site  are  relatively  low,  and  BTEX 
compounds  are  not  discharging  to  a  receptor  exposure  point  in  detectable 
concentrations,  unlike  CAHs.  The  fact  that  natural  attenuation  processes  ubiquitously 
limit  the  size  and  concentrations  of  BTEX  plumes  is  well  documented  (e.g.,  Rice  et  al., 
1995;  Wiedemeier  et  al.,  1995;  Kuehne  and  Buscheck,  1996;  and  Mace  et  al.,  1997). 
Moreover,  the  presence  of  BTEX  is  favorable  for  the  biodegradation  of  CAHs. 

1.1  SCOPE  AND  OBJECTIVES 

Parsons  ES,  in  conjunction  with  researchers  of  the  USEPA  National  Risk 
Management  Research  Laboratory  (NRMRL),  was  retained  by  the  United  States  Air 
Force  Center  for  Environmental  Excellence  (AFCEE)  Technology  Transfer  Division  to 
conduct  site  characterization  and  groundwater  modeling  to  evaluate  the  scientific 
defensibility  of  RNA  with  long-term  monitoring  (LTM)  as  a  remedial  option  for 
contaminated  groundwater  at  CCFTA-2  (FT- 17).  This  study  is  not  intended  to  be  a 
contamination  assessment  report  or  a  remedial  action  plan;  rather,  it  is  provided  for  the 
use  of  the  Base  and  its  prime  environmental  contractor(s)  as  information  to  be  used  for 
future  decision  making  regarding  this  site. 

Performance  of  numerous  tasks  was  required  in  order  to  fulfill  the  project  objective. 
These  tasks  included: 


•  Reviewing  existing  hydrogeologic  and  soil  and  groundwater  quality  data  for  the 
site; 
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•  Conducting  supplemental  site  characterization  activities  to  more  thoroughly 
characterize  the  nature  and  extent  of  soil,  surface  water,  and  groundwater 
contamination; 

•  Collecting  geochemical  data  in  support  of  natural  attenuation; 

•  Developing  a  conceptual  hydrogeologic  model  of  the  shallow  saturated  zone, 
including  the  current  distribution  of  contaminants; 

•  Evaluating  site-specific  data  to  determine  whether  naturally  occurring  processes 
of  contaminant  attenuation  and  destruction  are  occurring  in  groundwater  at  the 
site; 

•  Designing  and  executing  a  groundwater  flow  and  contaminant  fate  and  transport 
model  for  site  hydrogeologic  conditions; 

•  Simulating  the  fate  and  transport  of  CAHs  in  groundwater  under  the  influence  of 
advection,  dispersion,  adsorption,  and  biodegradation  using  the  calibrated  flow 
and  transport  models; 

•  Evaluating  a  range  of  model  input  parameters  to  determine  the  sensitivity  of  the 
model  to  those  parameters  and  to  consider  several  contaminant  fate  and  transport 
scenarios; 

•  Determining  if  natural  processes  are  minimizing  dissolved  CAH  and  aromatic 
hydrocarbon  plume  expansion  so  that  acceptable  groundwater  and  surface  water 
quality  can  be  maintained  at  a  downgradient  point  of  compliance  (POC); 

•  Using  the  results  of  modeling  to  evaluate  RNA  in  conjunction  with  other  site 
remedial  actions;  and 
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•  Providing  a  proposed  LTM  plan  to  monitor  and  evaluate  the  effectiveness  of 
RNA  for  dissolved  CAHs. 

Site  characterization  activities  in  support  of  RNA  included  the  collection  of  soil  and 
groundwater  samples  with  a  Geoprobe®;  cone  penetrometer  testing  (CPT)  in 
conjunction  with  laser-induced  fluorometry  (LIF);  static  groundwater  level 
measurement;  surface  water  sample  collection  and  analysis;  and  groundwater  sample 
collection  and  analysis  from  site  monitoring  wells,  newly  installed  CPT  points,  and 
temporary  Geoprobe®  monitoring  points. 

Field  work  conducted  under  this  program  was  oriented  toward  the  collection  of 
supplementary  hydrogeologic  and  chemical  data  necessary  to  document  and  model  the 
effectiveness  of  RNA  with  LTM  for  restoration  of  fuel-hydrocarbon-  and  CAH- 
contaminated  groundwater.  Site-specific  data  were  used  to  develop  a  solute  fate  and 
transport  model  for  the  site  and  to  conduct  a  preliminary  receptor  exposure  pathways 
analysis.  The  modeling  effort  was  used  to  predict  the  future  extent  and  concentration 
of  the  dissolved  CAH  plume  by  modeling  the  combined  effects  of  advection, 
dispersion,  sorption,  and  biodegradation.  Results  of  the  model  were  used  to  predict 
future  contaminant  concentrations  at  selected  points  and  to  identify  whether  RNA  with 
LTM  is  an  appropriate  and  defensible  remedial  option  for  contaminated  groundwater, 
possibly  in  conjunction  with  engineered  remedial  actions.  The  results  are  intended  to 
provide  technical  support  for  the  RNA  with  LTM  option  during  regulatory 
negotiations,  as  appropriate. 

This  TS  contains  nine  sections,  including  this  introduction,  and  five  appendices. 
Section  2  summarizes  site  characterization  activities.  Section  3  summarizes  the 
physical  characteristics  of  the  study  area.  Section  4  describes  the  nature  and  extent  of 
soil,  groundwater,  and  surface  water  contamination,  and  the  geochemistry  of  soil  and 
groundwater  at  the  site.  Section  5  describes  the  fate  and  transport  model  and  design  of 
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the  conceptual  hydrogeologic  model  for  the  site;  lists  model  assumptions  and  input 
parameters;  and  describes  sensitivity  analyses.  Section  6  presents  model  results  for  an 
evaluation  of  RNA  in  conjunction  with  other  remedial  alternatives  in  place  or  planned 
for  the  site.  Section  7  presents  a  proposed  LTM  plan  for  site  groundwater.  Section  8 
presents  the  conclusions  of  this  work  and  provides  recommendations  for  further  work 
at  the  site.  Section  9  lists  the  references  used  to  develop  this  document.  Appendix  A 
contains  Geoprobe®  borehole  logs,  CPT  logs,  monitoring  point  construction  diagrams, 
monitoring  point  development  and  purging  data  sheets,  and  well/point  sampling  data 
sheets.  Appendix  B  presents  the  soil,  groundwater,  and  surface  water  analytical  results 
that  were  used  in  the  preparation  of  this  report  and  collected  as  a  part  of  this  TS. 
Appendix  C  contains  biodegradation  rate  calculations  and  other  calculations  related  to 
model  calibration.  Appendix  D  contains  model  input  and  output  in  American  Standard 
Code  for  Information  Interchange  (ASCII)  format  on  a  diskette.  Appendix  E  contains 
graphical  output  of  transport  model  results. 

1.2  FACILITY  BACKGROUND 

Cape  Canaveral  AS  is  located  on  the  east  coast  of  Florida,  on  a  barrier  island  in 
Brevard  County.  The  main  complex  occupies  about  25  square  miles  of  assembly  and 
launch  facilities  for  missiles  and  space  vehicles.  The  property  is  bounded  by  the 
Atlantic  Ocean  on  the  east  and  by  the  Banana  River  on  the  West.  The  southern 
boundary  is  a  man-made  shipping  canal,  and  the  John  F.  Kennedy  Space  Center  adjoins 
Cape  Canaveral  AS  to  the  north.  Since  1950,  Cape  Canaveral  AS  has  been  a  proving 
ground  for  the  country’s  military  missile  programs,  including  the  Bomarc,  Matador, 
Redstone,  Atlas,  Titan,  and  the  Navy  Trident  Programs. 

Former  fire  training  area  CCFTA-2  (FT-17)  is  about  1,000  feet  from  the  Banana 
River,  on  the  western  side  of  Cape  Canaveral  AS  (Figure  1.1).  The  site  was  used  for 
firefighter  training  between  1965  and  1985.  During  training  exercises,  waste  fuels  and 
waste  oils  (including  halogenated  and  nonhalogenated  solvents)  were  burned  in  an 
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unlined  fire  training  pit.  Fuel  was  stored  onsite  in  aboveground  storage  tanks  (ASTs) 
and  was  delivered  to  the  burn  pit  via  aboveground  pipelines.  Information  regarding  the 
amount  of  fuel  and  solvents  burned  during  these  exercises  is  not  available.  The  burn 
area  is  a  sparsely  vegetated,  circular,  sandy  pit  approximately  75  feet  in  diameter  and 
about  1  foot  deep. 

Containers  of  fuel  and  solvents  were  reportedly  buried  in  disposal  trenches  at  the 
site  [O’Brien  and  Gere  Engineers,  Inc.  (OBG),  1995b].  Empty  drums  were  discovered 
buried  in  a  trench  approximately  200  feet  north  of  the  burn  pit.  Since  1985,  the  ASTs 
and  the  associated  piping  have  been  removed  from  the  site.  The  site  has  no  man-made 
structures  other  than  supports  for  the  former  ASTs  and  a  pilot-scale  bioventing  system. 
Major  site  surface  features  consist  of  the  bum  pit  and  some  mounds  of  sandy  marine 
soil  with  grass  and  shrub  cover.  The  site  is  bordered  on  all  sides  by  scrub  oak  and 
hardwood  hammock.  Figure  1.2  shows  the  site  layout  and  its  major  features. 

In  1984,  an  Installation  Restoration  Program  (IRP)  records  search  was  conducted  by 
Environmental  Science  and  Engineering,  Inc.  (ESE,  1984).  At  that  time,  CCFTA-2 
(FT-17)  was  identified  as  a  site  with  potential  environmental  contamination.  In  1985,  a 
Resource  Recovery  and  Conservation  Act  (RCRA)  corrective  action  process 
commenced  with  a  survey,  site  tour,  and  plan  preparation  for  field  activities.  Phase  II, 
Stage  1  sampling  was  completed  in  1987,  and  the  results  were  presented  in  a  report  in 
1988  (ESE,  1988).  A  second  stage  of  sampling  (Phase  n.  Stage  2)  was  undertaken  in 
order  to  more  fully  describe  the  extent  of  contamination,  and  the  results  of  this  work 
were  presented  in  1991  (ESE,  1991a).  In  1992,  O’Brien  and  Gere  Engineers,  Inc. 
(OBG,  1992)  presented  a  conceptual  TS  report  for  CCFTA-2  (FT-17)  as  part  of  the 
Phase  II,  Stage  3,  remedial  investigation/feasibility  study  (RI/FS).  In  May  1995,  OBG 
(1995a)  presented  an  engineering  evaluation/cost  analysis  (EE/CA)  of  test  remedial 
measures  (TRMs)  for  the  site.  In  July,  OBG  (1995b)  presented  an  RI/FS  report  for  the 
site. 
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Results  of  groundwater  sampling  during  the  Phase  II,  Stage  1  and  2  investigations 
indicated  the  presence  of  dissolved  petroleum  hydrocarbons  and  CAHs  exceeding 
Florida  Class  G-II  Groundwater  Quality  Standards  (GWQSs)  (ESE,  1991a). 
Compounds  of  regulatory  concern  included  benzene,  trichloroethene  (TCE),  VC,  1,1- 
dichloroethene  (1,1-DCE),  and  methylene  chloride.  In  addition,  6  inches  of  mobile 
light  nonaqueous-phase  liquid  (LNAPL,  also  known  as  free  product)  was  detected  in 
two  wells  at  the  site.  Analysis  of  mobile  LNAPL  samples  suggested  the  product  in 
each  well  came  from  separate  sources  (ESE,  1991a).  Soil  sampling  during  these 
investigations  detected  elevated  concentrations  of  individual  petroleum  compounds, 
total  petroleum  hydrocarbons  (TPH),  polychlorinated  biphenyls  (PCBs),  pesticides,  and 
chlorinated  organic  compounds. 

Results  of  the  Stage  3  RI/FS  (OBG,  1995b)  supported  the  results  of  the  previous 
investigations  and  further  defined  the  extent  of  contamination  at  the  site.  In  addition, 
human  health  and  ecological  risk  assessments  were  conducted,  along  with  comparisons 
of  site  data  to  applicable  or  relevant  and  appropriate  requirements  (ARARs)  and  to-be- 
considered  criteria  (TBCs).  The  extent  of  the  dissolved  groundwater  contaminant 
plume  was  more  fully  defined,  along  with  the  extents  of  the  LNAPL  bodies.  The  TBC 
and  ARAR  evaluation  concluded  that  benzene,  TCE,  and  VC  exceed  GWQSs.  In 
conjunction  with  the  results  of  the  EE/CA  (OBG,  1995a),  the  FS  portion  of  the  RI/FS 
(OBG,  1995b)  recommended  a  remedial  alternative  consisting  of  deed  restrictions, 
groundwater  monitoring,  soil  excavation  and  washing,  groundwater  biosparging  near 
the  source  area,  and  downgradient  in  situ  air  sparging  of  groundwater.  In  November 
1995,  OBG  installed  several  additional  wells  at  the  site  as  part  of  the  work  directed 
toward  implementing  temporary  remedial  measures  recommended  in  the  EE/CA. 
These  measures  are  discussed  in  Section  1.3. 
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1.3  REMEDIAL  ACTIONS 

In  1993,  Engineering-Science,  Inc.  (ES,  1993)  installed  a  pilot-scale  bioventing 
system  in  the  burn  pit  at  Site  CCFTA-2  (FT-17).  Three  air  injection  vent  wells  and 
three  vapor  monitoring  points  were  installed,  and  tests  were  conducted  to  determine  the 
radius  of  influence  of  each  vent  well  and  the  rates  of  oxygen  utilization  and 
hydrocarbon  degradation.  Results  of  the  tests  indicated  that  air  injection  could  increase 
available  oxygen  in  the  subsurface  within  a  30-foot  radius  of  the  vent  wells,  and  that 
the  system  was  capable  of  degrading  210  to  1,350  milligrams  (mg)  of  fuel  hydrocarbon 
per  kilogram  (kg)  of  soil  per  year  (ES,  1993).  Extended  testing  of  the  system  is 
ongoing.  There  has  been  no  evaluation  of  the  effects  of  this  system  on  CAHs  in  the 
vadose  zone;  however,  the  CAH  source  area  appears  to  be  the  drum  disposal  area  and 
thus  is  not  likely  to  be  affected  by  bio  venting.. 

As  one  of  the  temporary  measures  recommended  in  the  EE/C  A,  a  horizontal  air 
sparging  system  (HASS)  was  installed  at  the  site  in  1996  (OBG,  1997).  Figure  1.3 
shows  the  approximate  location  of  the  system.  This  system  was  installed  to  volatilize 
and  remove  CAHs  (especially  VC)  from  site  groundwater  before  it  discharges  to  the 
canal.  The  system  is  intended  to  decrease  CAH  concentrations  in  groundwater  to  less 
than  50  micrograms  per  liter  (pg/L),  theoretically  resulting  in  VC  concentrations  of 
less  than  5  pg/L  in  the  downgradient  canal  located  southeast  of  the  burn  pit  (OBG, 
1996b). 

In  addition  to  the  HASS,  the  EE/C  A  also  recommended  excavation  of  shallow  soil 
in  the  source  areas  (Figure  1.3),  with  onsite  soil  washing  prior  to  the  return  of  the 
treated  soil  to  the  excavation.  This  work  is  anticipated  to  take  place  in  early  to  mid- 
1997. 
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SECTION  2 

SITE  CHARACTERIZATION  ACTIVITIES 

To  meet  the  requirements  of  the  RNA  demonstration,  additional  data  were  required 
to  evaluate  near-surface  geology,  aquifer  properties,  groundwater  geochemistry,  and 
the  extent  of  soil,  surface  water,  and  groundwater  contamination.  Site  characterization 
activities  involved  performing  CPT  with  LIF  and  placing  monitoring  points  using  the 
CPT;  using  the  Geoprobe®  system  for  soil  sampling  and  groundwater  monitoring  point 
placement;  and  groundwater  and  surface  water  sampling  and  analysis.  The  term 
“monitoring  point”  is  used  in  this  report  to  distinguish  groundwater  monitoring  stations 
installed  using  the  CPT  or  Geoprobe®  from  conventionally  constructed  monitoring 
wells.  Groundwater  sampling  was  accomplished  during  this  investigation  using  both 
newly  installed  monitoring  points  and  CPT  points,  and  previously  installed  monitoring 
wells. 

The  physical  and  chemical  data  listed  below  were  collected  during  the  field  work 
phase  of  the  TS: 

•  Depth  from  measurement  datum  to  the  water  table  or  potentiometric  surface  in 
monitoring  wells  and  monitoring  points; 

•  Stratigraphy  of  subsurface  media; 

•  Groundwater  geochemical  data  [pH;  temperature,  electrical  conductivity;  total 
alkalinity;  oxidation/reduction  potential  (ORP);  dissolved  oxygen  (DO);  chloride; 
nitrate;  nitrite;  ammonia;  ferrous  iron;  sulfate;  sulfide;  total  organic  carbon 
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(TOC);  dissolved  hydrogen;  phenols  and  aromatic  acids;  and  methane,  ethene, 
and  ethene]; 

•  Groundwater  concentrations  of  aromatic  volatile  organic  compounds  (VOCs),  and 
CAHs 

•  Soil  moisture  content  and  TOC  concentration  in  soil;  and 

•  Concentrations  of  VOCs  and  CAHs  in  surface  water. 

Sampling  locations  for  this  evaluation  are  indicated  on  Figure  2.1,  and  a  summary 
of  the  activity  at  each  location  is  provided  in  Table  2.1.  Due  to  differing  sample 
nomenclature  conventions  used  during  two  separate  sampling  events,  the  first  column 
of  Table  2.1  shows  sample  identifiers  used  during  the  1996  event  and  the  second 
column  shows  identifiers  used  during  the  1994  event.  For  the  remainder  of  this 
document,  the  1996  identifiers  are  used.  However,  the  1994  identifiers  may  be 
encountered  in  the  data  presented  in  Appendices  A  and  B. 

CPT/LIF  pushes  were  performed  March  28  and  29,  1994.  CPT  pushes  were 
performed  at  the  locations  labeled  CPT-1  through  CPT-10  (Figure  2.1)  to  install 
groundwater  monitoring  points.  At  locations  CCAF-01  through  CCAF-11,  CPT 
pushes  were  performed  to  characterize  subsurface  stratigraphy.  LIF  was  performed 
simultaneously  at  several  of  these  locations  to  evaluate  the  presence  of  residual  or  free- 
phase  hydrocarbons  in  the  soils  and  groundwater.  At  CCAF-01,  CCAF-06,  and 
CCAF-07,  soil  samples  from  multiple  depths  also  were  collected.  Groundwater 
samples  were  collected  from  the  CPT-installed  monitoring  points  and  from  several 
previously  installed  monitoring  wells,  and  three  surface  water  samples  (SW-1,  SW-2, 
and  SW-3)  were  collected  from  the  downgradient  canal. 

During  the  week  of  January  23  through  January  30,  1996;  a  total  of  5  soil  samples 
were  collected  using  the  Geoprobe  ,  and  8  new  temporary  monitoring  points  were 
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TABLE  2.1 

SUMMARY  OF  FIELD  INVESTIGATION 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


L  A 


Identification 

Previous 

Identification 

Type  of  Sample 
Collected 

Depth 
(feet  bgs)*' 

Description/ 

Drawing 

Notes 

Cone  Penetrometer  Pushesb/ 

CCAF-01 

CCAFB-01-LIF 

none 

14.3 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-01 

CCAFB-01-SS1 

soil 

5.5 -6.5 

none 

CCAF-01 

CCAFB-01-SS1 

soil 

6.5  -  7.5 

none 

Same  push  as  previous  sample 

CCAF-01 

CCAFB-01-SS2 

soil 

7.5  -  8.5 

none 

CCAF-01 

CCAFB-01-SS2 

soil 

8.5  -  9.5 

none 

Same  push  as  previous  sample 

CCAF-01B 

CCAFB-01B-SS1 

soil 

5.5  -  6.5 

none 

Adjacent  to  CCAF-01 

CCAF-01B 

CCAFB-01B-SS1 

soil 

6.5  -  7.5 

none 

Same  push  as  previous  sample 

CCAF-01B 

CCAFB-01B-SS2 

soil 

7.5  -  8.5 

none 

Adjacent  to  CCAF-01 

CCAF-01B 

CCAFB-01B-SS2 

soil 

8.5 -9.5 

none 

Same  push  as  previous  sample 

CCAF-02 

CCAFB-02-LIF 

none 

10.1 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-03 

CCAFB-03-LIF 

none 

15.3 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-04 

CCAFB-04-LIF 

none 

13.2 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-05 

CCAFB-05-LIF 

none 

15.0 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-06 

CCAFB-06-LIF 

none 

15.8 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-06 

CCAFB-06-SS1 

soil 

3.5 -4.5 

none 

CCAF-06 

CCAFB-06-SS 1 

soil 

4.5  -  5.5 

none 

Same  push  as  previous  sample 

CCAF-06 

CCAFB-06-SS2 

soil 

5.5 -6.5 

none 

CCAF-06 

CCAFB-06-SS2 

soil 

6.5  -  7.5 

none 

Same  push  as  previous  sample 

CCAF-07 

CCAFB-07-LIF 

none 

14.5 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-07 

CCAFB-07-SS1 

soil 

5.5  -  6.5 

none 

CCAF-07 

CCAFB-07-SS1 

soil 

6.5  -  7.5 

none 

Same  push  as  previous  sample 

CCAF-07 

CCAFB-07-SS2 

soil 

7.5  -  8.5 

none 

CCAF-07 

CCAFB-07-SS2 

soil 

8.5  -  9.5 

none 

Same  push  as  previous  sample 

CCAF-08 

CCAFB-08-LIF 

none 

15.0 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-09 

CCAFB-09-LIF 

none 

19.0 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-10 

CCAFB-10-LIF 

none 

18.7 

CPT/LIF  Log 

Installed/collected  in  March  1994 

CCAF-11 

CCAFB-1 1-LIF 

none 

19.0 

CPT/LIF  Log 

Installed/collected  in  March  1994 

Monitoring  Point  Installations  b/ 

CPT-1 

CPT-87-MW1S 

Groundwater 

10.5 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-2 

CPT-87-MW1M 

Groundwater 

32.5 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-3 

CPT-87-MW1D 

Groundwater 

52.5 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-4 

CPT-87-MW3S 

Groundwater 

9.0 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-5 

CPT-87-MW3M 

Groundwater 

31.0 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-6 

CPT-87-7-MW 1 M 

Groundwater 

31.5 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-7 

CPT-87-MW2S 

Groundwater 

8.0 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-8 

CPT-87-MW2M 

Groundwater 

27.2 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-9 

CPT-87-MW4S 

Groundwater 

8.0 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

CPT-10 

CPT-87-MW4D 

Groundwater 

30.0 

CPT/LIF  Log 

Installed  using  CPT  in  March  1994 

MP-1S 

Groundwater 

12.0 

MP  Installation  Record 

Installed  with  Geoprobe  in  January  1996 

MP-1D 

Groundwater 

30.0 

MP  Installation  Record 

Installed  with  Geoprobe  in  January  1996 

MP-2 

Groundwater 

12.5 

MP  Installation  Record 

Installed  with  Geoprobe  in  January  1996 

MP-3 

Groundwater 

12.0 

MP  Installation  Record 

Installed  with  Geoprobe  in  January  1996 

MP-4S 

Groundwater 

10.0 

MP  Installation  Record 

Installed  with  Geoprobe  in  January  1996 

MP-4D 

Groundwater 

30.0 

MP  Installation  Record 

Installed  with  Geoprobe  in  January  1996 

MP-5 

Groundwater 

10.0 

MP  Installation  Record 

Installed  with  Geoprobe  in  January  1996 

Groundwater 

12.0 

MP  Installation  Record 

Installed  with  Geoprobe  in  January  1996 

L  A 
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TABLE  2.1  (concluded) 
SUMMARY  OF  FIELD  INVESTIGATION 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Previous 

Identification  Identification 

Type  of  Sample 
Collected 

Depth 
(feet  bgs)a' 

Description/ 

Drawing 

Notes 

Monitoring  Well  Sampling 

CCFTA2-1 

Groundwater 

28.1 

ESE 

CCFTA2-2 

Groundwater 

24.1 

ESE 

CCFTA2-3 

Groundwater 

22.0 

ESE 

CCFTA2-4 

Groundwater 

23.0 

ESE 

CCFTA2-5 

Groundwater 

22.0 

ESE 

CCFTA2-6 

Groundwater 

25.5 

ESE 

LNAPL  sample  collected  in  1994 

CCFTA2-7S 

Groundwater 

13.0 

ESE 

CCFTA2-7D 

Groundwater 

60.0 

ESE 

CCFTA2-8S 

Groundwater 

12.7 

ESE 

CCFTA2-8D 

Groundwater 

56.0 

ESE 

CCFTA2-9S 

Groundwater 

25.0 

ESE 

LNAPL  sample  collected  in  1994 

CCFTA2-9D 

Groundwater 

61.0 

ESE 

CCFTA2-10 

Groundwater 

25.0 

ESE 

CCFTA2-11 

Groundwater 

25.0 

ESE 

CCFTA2-12 

Groundwater 

16.5 

OBG 

CCFTA2-13S 

Groundwater 

14.5 

OBG 

CCFTA2-13D 

Groundwater 

60.0 

OBG 

CCFTA2-14 

Groundwater 

13.5 

OBG 

CCFTA2-15 

Groundwater 

12.0 

OBG 

CCFTA2-16S 

Groundwater 

11.5 

OBG 

CCFTA2-16D 

Groundwater 

60.0 

OBG 

|  CCFTA2-17 

Groundwater 

15.0 

OBG 

CCFTA2-18 

Groundwater 

13.5 

OBG 

CCFTA2-19S 

Groundwater 

11.0 

OBG 

CCFTA2-19I 

Groundwater 

35.0 

OBG 

CCFTA2-19D 

Groundwater 

65.5 

OBG 

CCFTA2-20S 

Groundwater 

11.0 

OBG 

CCFTA2-20I 

Groundwater 

40.0 

OBG 

CCFTA2-20D 

Groundwater 

58.0 

OBG 

CCFTA2-21S 

Groundwater 

12.0 

OBG 

CCFTA2-21I 

Groundwater 

40.0 

OBG 

CCFTA2-21D 

Groundwater 

57.0 

OBG 

Surface  Water  Sampling 

SW-1  UPSTREAM 

Surface  Water 

- 

None 

Collected  in  1994;  Location  not  certain 

SW-2  DITCH 

Surface  Water 

- 

None 

Collected  in  1994;  Location  not  certain 

SW-3  DOWNSTREAM 

Surface  Water 

- 

None 

Collected  in  1994;  Location  not  certain 

SW-4  Grab  -  Lagoon 

Surface  Water 

- 

None 

Collected  in  1996 

a /  Sample  depth  or  total  borehole  depth  in  feet  below  ground  surface  (bgs);  for  wells/monitoring  points, 
depth  is  total  depth  of  well/point. 

w  Unless  otherwise  noted,  each  row  represents  a  separate  penetration  of  the  ground. 
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installed  (Figure  2.1).  During  that  same  week,  groundwater  samples  were  collected 
from  31  previously  installed  monitoring  wells,  8  of  10  CPT  points  (2  points  were  not 
sampled  because  USEPA  NRMRL  personnel  had  to  leave  the  site  due  to  a  possible 
government  shutdown),  and  8  newly  installed  temporary  monitoring  points.  In  addition 
to  the  47  groundwater  samples  taken  at  CCFTA-2  (FT-17),  1  surface  water  sample  was 
taken  from  the  canal,  adjacent  to  monitoring  point  MP4S. 

Groundwater  samples  were  analyzed  by  USEPA  personnel  in  the  field  for  pH, 
conductivity,  temperature,  DO,  ORP,  total  alkalinity,  free  carbon  dioxide,  ferrous  iron, 
and  sulfide.  Analyses  for  benzene,  toluene,  BTEX,  trimethylbenzene  (TMB)  isomers, 
CAHs,  nitrate/nitrite,  ammonia,  chloride,  sulfate,  methane,  ethane,  ethene,  TOC  and 
metals  were  performed  at  the  NRMRL  in  Ada,  Oklahoma. 

The  following  sections  describe  the  procedures  that  were  followed  when  collecting 
site-specific  data.  Additional  details  regarding  investigative  activities  are  presented  in 
the  work  plan  (Parsons  ES,  1996). 

2.1  CONE  PENETROMETRY 

Subsurface  conditions  at  the  site  were  characterized  using  CPT  coupled  with  LIF  on 
March  28,  and  March  29,  1994.  The  purpose  of  the  CPT/LIF  sampling  at  the  site  was 
to  determine  subsurface  stratigraphy  and  to  help  delineate  the  extent  of  petroleum 
hydrocarbon  contamination.  Boring  logs  for  the  CPT/LIF  pushes  and  Geoprobe 
sampling  locations  are  included  in  Appendix  A. 

2.1.1  Determination  of  Stratigraphy 

Cone  penetrometry  is  an  expeditious  and  effective  means  of  analyzing  the 
stratigraphy  of  a  site  by  measuring  the  resistance  against  the  conical  probe  of  the 
penetrometer  as  it  is  pushed  into  the  subsurface.  Stratigraphy  is  determined  from  a 
correlation  of  the  point  stress  at  the  probe  tip  and  frictional  stress  on  the  side  of  the 


2-6 

I:\PROJECTSV722450\CAPE\5.DOC 


DRAFT 


cone.  Stratigraphy  as  determined  from  the  CPT  is  checked  against  previous  soil  data 
or  against  soil  samples  collected  to  correlate  the  CPT  readings  to  the  lithologies  present 
at  the  site.  Methodologies  for  the  collection  of  soil  samples  are  described  in  Section 
2.1.3. 

CPT  was  conducted  using  Applied  Research  Associates’  (ARA’s)  cone  penetrometer 
truck,  which  consists  of  an  instrumented  probe  that  is  forced  into  the  ground  using  a 
hydraulic  load  frame  mounted  on  a  truck,  with  the  weight  of  the  truck  providing  the 
necessary  reaction  mass.  The  penetrometer  equipment  is  mounted  inside  an  18-foot 
van  body  attached  to  a  10-wheel  truck  chassis  with  a  turbo-charged  diesel  engine. 
Ballast  in  the  form  of  metal  weights  and  a  steel  water  tank,  which  can  hold  5,000 
pounds  of  water,  is  added  to  the  truck  to  achieve  an  overall  push  capability  of  45,000 
pounds.  Penetration  force  is  supplied  by  a  pair  of  large  hydraulic  cylinders  bolted  to 
the  truck  frame. 

The  penetrometer  probe  is  of  standard  dimensions,  having  a  1.405-inch  outside 
diameter  (OD),  60-degree  conical  tip,  and  a  1.405-inch  OD  by  5.27-inch-long  friction 
sleeve.  Inside  the  probe,  two  load  cells  independently  measure  the  vertical  resistance 
against  the  conical  tip  and  the  side  friction  along  the  sleeve.  Each  load  cell  inside  the 
probe  is  a  cylinder  of  uniform  cross  section  that  is  instrumented  with  four  strain  gauges 
in  a  full-bridge  circuit.  Forces  are  sensed  by  the  load  cells,  and  the  data  are 
transmitted  to  a  computer  in  the  penetrometry  truck  from  the  probe  assembly  via  a 
cable  running  through  the  push  tubes.  The  analog  data  are  digitized,  recorded,  and 
plotted  by  the  computer.  The  penetrometer  is  usually  advanced  vertically  into  the  soil 
at  a  constant  rate  of  48  inches  per  minute,  although  this  rate  must  sometimes  be 
reduced  (e.g.,  when  hard  layers  are  encountered).  The  magnitude  of  the  penetration 
pore  pressure  is  a  function  of  compressibility  and,  most  importantly,  permeability. 
Penetration,  dissipation,  and  resistivity  data  can  be  used  to  determine  soil  types  as  they 
are  encountered  in  the  field. 
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2.1.2  Investigation  of  Residual  and  Free-Phase  Hydrocarbons 

The  known  propensity  of  aromatic  hydrocarbons  to  fluoresce  under  ultraviolet 

wavelengths  has  allowed  the  use  of  LIF  technology,  in  conjunction  with  CPT 

technology,  to  detect  soil  characteristics  and  hydrocarbon  contamination 
simultaneously.  The  LIF  is  not  capable  of  detecting  chlorinated  solvents.  The  LIF 
system  has  a  0.25-inch  sapphire  window  in  the  side  of  the  cone  that  allows  a  laser  to 
scan  the  soil  for  fluorescent  compounds  as  the  LIF  penetrometer  rod  pushes  through 
soil.  Assuming  that  aromatic  hydrocarbons  are  simultaneously  solvenated  with  other 
fuel-hydrocarbon  or  CAH  constituents,  the  magnitude  of  aromatic  fluorescence  is 
indicative  of  hydrocarbon  contamination  in  a  soil  matrix.  Fiber  optic  cables  connected 
to  the  laser  spectrometer  and  a  6-pair  electrical  conductor  connected  to  the  CPT  data 
acquisition  system,  are  routed  through  the  interior  of  the  push  tubes  to  the  CPT  probe. 

The  basic  components  of  the  LIF  instrument  are  a  nitrogen  laser,  a  fiber  optic 

probe,  a  monochromator  for  wavelength  resolution  of  the  return  fluorescence,  a 

photomultiplier  tube  to  convert  photons  into  an  electrical  signal,  a  digital  oscilloscope 
for  waveform  capture,  and  a  control  computer.  The  fiber  optic  probe  for  the  cone 
penetrometer  consists  of  delivery  and  collection  optical  fibers,  a  protective  sheath,  a 
fiber  optic  mount  within  the  cone,  and  a  0.25-inch  sapphire  window  (Figure  2.2).  The 
wavelength  used  in  the  ARA  CPT/LIF  system  gives  the  strongest  fluorescence  signal 
(attributable  to  the  presence  of  contamination)  for  naphthalene  and  heavier  long-chained 
hydrocarbons.  Thus,  while  the  LIF  is  not  entirely  appropriate  for  detecting  the 
fluorescence  of  BTEX  or  CAHs,  it  is  useful  for  defining  soil  contamination  because  the 
heavier  long-chained  hydrocarbons  are  more  likely  to  sorb  to  the  soil  matrix. 

Graphical  results  of  each  LIF/CPT  push  were  plotted  by  ARA  staff  at  the  conclusion 
of  each  penetration  and  were  available  minutes  after  the  completion  of  each  hole.  The 
graphs  showed  cone  resistance,  sleeve  friction,  soil  classification,  fluorescence 
intensity,  and  maximum  fluoresced  wavelength.  The  real-time  availability  of  the  CPT 
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information  allowed  the  Parsons  ES  field  scientist  to  make  investigative  decisions  based 
on  the  most  current  information.  Final  CPT  logs  are  presented  in  Appendix  A. 

2.1.3  Soil  Sample  Collection 

The  CPT  was  used  to  collect  several  soil  samples  for  analysis  of  TOC  in  March 
1994.  The  samples  were  collected  from  multiple  depths  at  CCAF-01,  CCAF-06,  and 
CCAF-07  (Figure  2.1). 

The  samples  were  collected  using  a  Mostap-35®  sampling  device.  The  sampler  is 
coupled  to  the  penetrometer  rod  and  pushed  into  the  soil  with  the  same  equipment  used 
for  CPT/LIF.  While  the  Mostap-35®  cone  is  in  position,  soil  is  prevented  from 
entering  the  sampling  tube  until  the  desired  depth  is  achieved.  After  the  sampler  was 
pushed  to  the  depth  at  which  the  soil  sample  was  to  be  taken,  the  sampling  unit  was 
raised  a  few  inches,  and  the  Mostap-35®  apparatus  was  unlocked.  After  unlocking  the 
Mostap-35®  attachment,  a  soil  section  was  cut,  and  the  sampling  apparatus  was  pulled 
from  the  ground  as  quickly  as  possible. 

The  Mostap-35®  sampling  apparatus  allowed  collection  of  2-foot-long,  continuous 
samples.  Recovery  efficiencies  for  samples  in  saturated  soils  were  occasionally 
reduced  because  of  spillage  from  the  device  after  extraction.  To  mitigate  this  problem, 
soil  samples  were  compressed  in  situ  with  the  penetrometer  and  Mostap  assembly  to 
expel  the  pore  water  before  extraction.  Compressed  soil  samples  were  then  extracted 
and  measured  to  give  a  description  of  the  soil  stratigraphy  accurate  for  the  length  of 
soil  core  taken.  Soil  samples  were  placed  in  clean  8-ounce  glass  jars  and  delivered  to 
the  USEPA  NRMRL  field  personnel  for  analysis. 

2.1.4  CPT  Hole  Abandonment 

The  CPT/LIF  probe  is  equipped  with  a  grout  tube  and  sacrificial  tip;  therefore, 
CPT/LIF  holes  were  abandoned  with  a  Portland®  cement  grout  as  the  CPT  pushrod 
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was  withdrawn.  Collection  of  samples  with  the  Mostap-35®  sampler  did  not  allow  for 
grouting  during  pushrod  withdrawal;  therefore,  these  holes  were  abandoned  with 
Portland®  cement  from  the  ground  surface  after  sample  collection. 

2.1.5  Equipment  Decontamination 

After  sampling  at  each  CPT  location,  CPT  push  rods  were  cleaned  with  the  CPT 
steam-cleaning  system  (rod  cleaner)  as  the  rods  were  withdrawn  from  the  ground.  A 
vacuum  system  located  beneath  the  CPT  truck  was  used  to  recover  cleaning  water. 
Use  of  this  system  resulted  in  nearly  100-percent  recovery  of  steam-cleaning  rinseate 
from  the  rod  cleaner.  Rinseate  was  generated  only  as  the  rods  moved  past  the  cleaner, 
thereby  minimizing  liquid  waste  generation.  Rinseate  was  collected  in  a  55-gallon 
drum,  then  released  into  the  former  bum  pit. 

2.1.6  Monitoring  Point  Installation 

Using  the  CPT  truck,  the  ARA  staff  installed  10  0.5-inch-ID  monitoring  points  at  5 
locations  in  the  vicinity  of  CCFTA-2  (FT-17).  Monitoring  point  locations  are  indicated 
on  Figure  2.1.  All  monitoring  points  were  initially  assigned  identifiers  different  than 
those  shown  on  Figure  2.1.  These  identifiers  were  not  all  consistent;  therefore,  to 
avoid  future  confusion,  the  points  were  simply  renamed  CPT-1  through  CPT-10  during 
the  January  1996  sampling  event.  A  summary  of  monitoring  point  construction  details 
is  provided  in  Table  2.2,  and  a  list  of  the  current  and  previous  names  for  the  points  is 
provided  in  Table  2.1. 

2.1.6.1  Materials 

Monitoring  points  were  constructed  of  flush-threaded,  0.5-inch-ID/0.75-inch-OD 
polyvinyl  chloride  (PVC)  screens.  Installed  screens  were  3.3  feet  in  length  and 
factory-slotted  with  0.010-inch  openings.  The  sacrificial  stainless  steel  CPT  tip  was 
screwed  into  the  PVC  screen  and  served  as  the  bottom  cap  for  the  monitoring  point 
when  the  push  was  finished.  Some  points  were  installed  with  PVC  casings,  and  some 
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TABLE  2.2 

WELL  COMPLETION  INFORMATION 

CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


MP-5 


MP-6 


CPT-1 


CPT-2 


CPT-3 


CPT-4 


CPT-5 


CPT-6 


CPT-7 


CPT-8 


CPT-9 


CPT-10 


CCFTA2-1 


CCFTA2-2 


CCFTA2-3 


CCFTA2-4 


CCFTA2-5 


CCFTA2-6 


CCFTA2-7S 


CCFTA2-7D 


CCFTA2-8S 


CCFTA2-8D 


CCFTA2-9S 


CCFTA2-9D 


CCFTA2-10 


CCFTA2-1 1 


CCFTA2-12 


CCFTA2-13S 


CCFTA2-13D 


CCFTA2-14 


CCFTA2-15 


CCFTA2-16S 


CCFTA2-I6D 


CCFTA2-17 


CCFTA2-18 


CCFTA2-19S 


CCFTA2-19I 


CCFTA2-19D 


CCFTA2-20S 


CCFTA2-20I 


CCFTA2-20D 


CCFTA2-21S 


CCFTA2-21I 


CCFTA2-21D 


Installation  Northing  Easting 

Date  (ft)  (ft) 


1517400.2 


1517399.6 


1516733.5 


1516779.0 


1516331.7 


1516332.4 


1516202.8 


1516505.0 


1516817.4 


1516817.8 


1516818.3 


1516720.1 


1516718.7 


1516597.4 


1516527.8 


1516527.2 


1516809.1 


1516809.0 


1516886.1 


1516942.6 


1516889.6 


1516785.7 


1516932.6 


1516743.6 


1516606.3 


1516611.7 


1517446.1 


1517441.4 


1517047.2 


1517051.4 


1517138.3 


1517227.3 


1517264  4 


1516278.8 


1516284.4 


1516369.9 


1516950.0 


1517074.0 


1517087.6 


1516513.0 


1516873.7 


1516172.5 


1516165.5 


1516164.8 


1516441.3 


1516439.6 


1516435.9 


1516713.5 


1516714.6 


1516709.6 


1/24/96 


1/24/96 


3/29/94 


3/29/94 


3/29/94 


3/30/94 


3/30/94 


3/30/94 


3/30/94 


3/30/94 


3/30/94 


3/30/94 


1/13/87 


1/16/87 


1/19/87 


1/13/87 


1/19/87 


1/20/87 


12/9/88 


12/8/88 


12/8/88 


12/8/88 


1 1/8/89 


12/6/88 


1 1/9/89 


11/8/89 


5/24/93 


5/20/93 


6/3/93 


5/20/93 


6/3/93 


5/20/93 


6/17/93 


5/24/93 


3/8/94 


6/23/94 


10/22/95 


10/20/95 


10/22/95 


10/22/95 


10/23/95 


11/14/95 


11/14/95 


11/14/95 


1MMI 


789915.30 


789910.80 


789913.31 


ID  =  inside  diameter. 
w  Datum  is  top  of  inner  PVC  casing. 
d  ft  msl  =  feet  above  mean  sea  level. 

*  ft  bgs  -  feet  below  ground  surface. 

d  Point  constructed  with  a  0.5-foot-long  stainless  steel  screen  connected  to 
0.25-inch  outside  diameter  HDPE  tubing/riser. 
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were  installed  using  a  brass  pipe  fitting  at  the  top  of  the  screen,  with  0.25-inch-ID 
Teflon®  tubing  leading  to  the  surface.  The  purpose  of  using  the  Teflon®  tubing  was  to 
field  test  this  method  of  monitoring  point  construction. 

Each  PVC-cased  monitoring  point  was  fitted  with  a  PVC  top  cap  upon  completion. 
Points  completed  with  Teflon®  tubing  were  fitted  with  0.75-inch-OD  surface  casings 
that  were  in  turn  fitted  with  PVC  top  caps.  Well  materials  were  inspected  for 
cleanliness  prior  to  use.  No  glues  or  solvents  were  used  with  monitoring  point 
materials. 

2. 1.6.2  Installation 

Monitoring  points  were  pressed  into  the  ground  through  the  inside  of  the  CPT 
pushrods.  This  method  protects  the  monitoring  point  screen  and  casing  until  the 
monitoring  point  has  been  pushed  to  the  desired  depth  and  the  pushrods  are  removed. 
To  accomplish  this,  the  PVC  screen  was  threaded  through  the  bottom  CPT  pushrod.  A 
sacrificial  tip  was  screwed  into  the  bottom  of  the  screen  and  pressed  into  the  bottom  of 
the  CPT  pushrod.  As  the  pushrod  was  pressed  into  the  ground,  CPT  pushrods  and  new 
PVC  casing  (or  Teflon  tubing)  were  continuously  attached  until  the  desired  depth  was 
reached.  Upon  removal  of  the  pushrods,  a  fully-cased  monitoring  point  remained. 
Data  collection  devices  such  as  CPT  and  LIF  could  not  be  used  during  monitoring 
point  placement;  therefore,  no  additional  data  was  collected  where  monitoring  points 
were  installed. 

2. 1.6.3  Development 

Prior  to  sampling,  newly  installed  monitoring  points  were  developed.  Typically, 
well  development  removes  sediment  from  inside  the  well  casing  and  flushes  fines, 
cuttings,  and  drilling  fluids  from  the  sand  pack  and  the  portion  of  the  formation 
adjacent  to  the  well  screen.  Use  of  the  CPT  apparatus  to  place  monitoring  points 
minimizes  the  amount  of  fine  sediment  that  might  accumulate  in  the  casing. 
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Monitoring  point  development  was  accomplished  using  a  peristaltic  pump  with  new 
(dedicated)  or  decontaminated  high-density  polyethylene  (HDPE)  tubing.  The  pump 
tubing  was  regularly  lowered  to  the  bottom  of  the  point  so  that  fines  were  agitated  and 
removed  from  the  well  in  the  development  water.  Development  was  continued  until  a 
minimum  of  10  casing  volumes  of  water  were  removed  from  the  monitoring  point,  and 
the  temperature  and  DO  concentrations  of  the  groundwater  had  stabilized.  All 
development  water  was  contained  in  5-gallon  buckets  and  taken  to  the  former  bum  pit, 
where  it  was  released  onto  the  ground  surface. 

2.2  GEOPROBE®  FIELD  ACTIVITIES 

Geoprobe®-related  field  work  occurred  between  January  23  and  January  25,  1996, 
and  consisted  of  soil  characterization  and  sampling  at  monitoring  points  MP1S  through 
MP6,  and  groundwater  monitoring  point  installation  for  monitoring  points  MP1S 
through  MP6.  These  activities  were  performed  according  to  the  procedures  described 
in  the  work  plan  (Parsons  ES,  1996)  and  reviewed  in  the  following  sections. 

The  Geoprobe®  system  is  a  hydraulically  powered  percussion/probing  machine  used 
to  advance  sampling  tools  through  unconsolidated  soils.  This  system  provides  for  the 
rapid  collection  of  soil,  soil  gas,  and  groundwater  samples  at  shallow  depths  while 
minimizing  the  generation  of  investigation-derived  waste  materials.  Figure  2.3  is  a 
diagram  of  the  system. 

2.2.1  Groundwater  Monitoring  Point  Locations  and  Completion  Intervals 

Eight  new  groundwater  monitoring  points  were  installed  with  the  Geoprobe®  at  six 
locations  to  assist  in  the  characterization  of  the  contaminant  distribution  and  the 
shallow  and  deep  groundwater  flow  system  at  CCFTA-2.  The  new  monitoring  points 
were  installed  in  the  locations  shown  on  Figure  2.1,  and  Table  2.2  presents  completion 
details.  Nested  points  (e.g.,  MP1S  and  MP1D)  were  installed  adjacent  to  each  other, 
with  one  point  (designated  by  the  suffix  “S”)  screened  just  below,  or  across,  the  water 
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FIGURE  2.3 

CROSS-SECTION 
OF  GEOPROBE® 


CCFTA-2  (FT-17)  RNA  TS 
Cape  Canaveral  Air  Station,  Florida 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 


COREL/DRAW/GEOPROBE. CDR  NAP  4/4/97  -TIF 
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table,  and  the  other  well  (designated  by  the  suffix  “D”)  screened  approximately  10  feet 
below  the  bottom  of  the  shallow  point.  The  monitoring  point  locations  were  selected  to 
provide  the  hydrogeologic  and  chemical  data  necessary  for  successful  implementation 
of  the  Bioplume  II  model  and  to  support  the  RNA  demonstration. 

2.2.2  Groundwater  Monitoring  Point  Installation  and  Soil  Sampling  Procedures 
2.2.2.1  Borehole  Advancement  and  Soil  Sampling 

The  Geoprobe®-collected  soil  samples  were  obtained  using  a  probe-drive  sampler 
during  installation  of  monitoring  points  MP1S  through  MP6.  The  probe-driven 
sampler  serves  as  both  the  driving  point  and  the  sample  collection  device  and  is 
attached  to  the  leading  end  of  the  probe  rods.  To  collect  a  soil  sample,  the  sampler 
was  pushed  or  driven  to  the  desired  sampling  depth,  and  the  stop  pin  was  removed, 
allowing  the  piston  and  drive  point  to  retract  as  the  sample  barrel  was  pushed  into 
undisturbed  soil.  The  soil  cores  were  retained  within  a  clear  acetate  liner  inside  the 
sampling  barrel.  The  probe  rods  were  then  retracted,  bringing  the  sampling  device  to 
the  surface.  The  soil  sample  was  then  extruded  from  the  liners  and  transferred  to 
analyte-appropriate  jars  supplied  by  USEPA  NRMRL  personnel.  A  portion  of  the 
sample  was  retained  for  visual  logging,  and  another  portion  was  placed  in  an  unused, 
sealable  plastic  bag  for  headspace  measurements  of  VOCs  using  a  photoionization 
detector  (PID). 

The  Parsons  ES  field  hydrogeologist  observed  Geoprobe®  sampling  and  monitoring 
point  installation  activities  and  maintained  a  descriptive  log  of  subsurface  materials 
recovered.  Final  geologic  borehole  logs  are  presented  in  Appendix  A.  Analyte- 
appropriate  sample  containers  for  the  targeted  analytes  were  provided  by  NRMRL. 
The  containers  were  labeled  as  described  in  the  work  plan  (Parsons  ES,  1996). 
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The  low  volumes  of  waste  soils  generated  during  monitoring  point  installation  and 
sampling  operations  were  spread  on  the  ground  surface  of  the  former  burn  pit  at 
CCFTA-2  (FT-17). 

2. 2. 2. 2  Monitoring  Point  Installation 

Groundwater  monitoring  points  were  installed  in  8  boreholes  under  this  program. 
Detailed  monitoring  point  installation  procedures  are  described  in  the  following 
paragraphs.  Monitoring  point  completion  diagrams  are  included  in  Appendix  A. 

Monitoring  point  completion  materials  were  inspected  by  the  field  hydrogeologist 
and  determined  to  be  clean  and  acceptable  prior  to  use.  All  monitoring  point 
completion  materials  were  factory  sealed  in  plastic  wrap.  Pre-packaged  casing,  sand, 
bentonite,  and  concrete  mix  were  used  in  point  construction,  and  the  bags  were 
inspected  for  possible  external  contamination  before  use.  Materials  that  could  not  be 
cleaned  to  the  satisfaction  of  the  field  hydrogeologist  were  not  used. 

Shallow  monitoring  points  were  constructed  of  Schedule  40  PVC  riser  pipe 
connected  to  factory-slotted  PVC  screens  having  an  ID  of  0.5  inch.  Monitoring  point 
screens  constructed  of  PVC  were  5  feet  long  and  factory  slotted  with  0.010-inch 
openings.  All  shallow  points  were  screened  across  the  water  table.  All  PVC  casing 
and  screen  sections  on  the  shallow  monitoring  points  were  flush  threaded,  and  glued 
joints  were  not  used.  The  riser  pipe  at  each  monitoring  point  was  fitted  with  a  PVC 
top  cap,  and  a  threaded  PVC  bottom  cap  was  placed  on  the  bottom  of  the  screen.  At 
the  surface,  each  point  was  finished  with  a  2-inch-OD  PVC  surface  casing  with  a  slip- 
on  cap. 

Deep  monitoring  points  were  constructed  with  0.25-inch-ID  stainless  steel  mesh 
implants  acting  as  monitoring  point  screens  and  0.25-inch-ID  Teflon®-lined  HDPE 
tubing  acting  as  risers  connecting  the  mesh  screen  to  the  surface  (HDPE  tubing  was 
threaded  through  the  center  of  the  Geoprobe®  drive  rods).  Mesh  monitoring  point 
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screens  were  0.5  foot  in  length  with  pore  openings  of  0.0057  inch.  The  riser  tubing  at 
deep  monitoring  points  extended  to  the  surface,  into  a  2-inch-OD  PVC  surface  casing 
with  a  slip-on  cap.  Monitoring  point  construction  details  are  summarized  in  Table  2.2. 

The  field  hydrogeologist  verified  and  recorded  the  borehole  depth  and  the  lengths  of 
all  casing  sections  and  tubing.  All  lengths  and  depths  were  measured  to  the  nearest  0.1 
foot. 

2.2.3  Monitoring  Point  Development 

Before  being  sampled,  newly  installed  monitoring  points  were  developed.  Use  of 
the  Geoprobe®  system  to  place  monitoring  points  eliminates  cuttings  and  drilling  fluids. 
Therefore,  development  of  monitoring  points  was  primarily  intended  to  minimize  the 
amount  of  fine  sediment  that  might  accumulate  in  the  casing. 

Development  was  accomplished  using  a  peristaltic  pump  with  dedicated  silicon  and 
HDPE  tubing.  The  pump  tubing  was  regularly  lowered  to  the  bottom  of  the  shallow 
points  so  that  fines  were  agitated  and  removed  from  the  point  in  the  development 
water.  Development  was  continued  until  10  casing  volumes  of  water  were  removed, 
and  the  pH,  temperature,  and  conductivity  of  the  groundwater  had  stabilized. 
Development  waters  were  discharged  at  the  ground  surface  near  the  monitoring  points 
being  developed. 

2.3  GROUNDWATER  SAMPLING 

This  section  describes  the  procedures  used  for  collecting  groundwater  quality 
samples.  In  order  to  maintain  a  high  degree  of  quality  control  (QC)  during  this 
sampling  event,  the  procedures  described  in  the  site  work  plan  (Parsons  ES,  1996)  and 
summarized  in  the  following  sections  were  followed.  The  primary  groundwater 
sampling  took  place  during  January  1996,  and  consisted  of  collecting  groundwater 
samples  from  new  monitoring  points  and  existing  monitoring  wells  and  CPT  points.  In 
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addition,  several  of  the  wells  and  CPT  points  also  were  sampled  by  Parsons  ES  and 
USEPA  NRMRL  personnel  in  March  1994. 

2.3.1  Groundwater  Sampling  Locations 

Groundwater  samples  were  collected  from  31  previously  installed  wells,  10  CPT 
monitoring  points  and  8  newly  installed  monitoring  points.  All  sampling  locations 
were  purged  and  sampled  using  a  peristaltic  pump  with  dedicated  HDPE  and  silicon 
tubing. 

2.3.2  Preparation  and  Equipment  Cleaning 

All  equipment  used  for  sampling  was  assembled  and  properly  cleaned  and  calibrated 
(if  required)  prior  to  use  in  the  field.  All  portions  of  sampling  and  test  equipment  that 
contacted  the  sample  were  thoroughly  cleaned  before  use.  This  equipment  included  the 
water  level  probe  and  cable,  equipment  for  measuring  onsite  groundwater  chemical 
parameters,  and  other  equipment  that  contacted  the  samples.  The  following  cleaning 
protocol  was  used: 

•  Clean  with  potable  water  and  phosphate-free  laboratory-grade  detergent; 

•  Rinse  with  potable  water; 

•  Rinse  with  isopropyl  alcohol; 

•  Rinse  with  distilled  or  deionized  water;  and 

•  Air  dry  prior  to  use. 

Any  deviations  from  these  procedures  were  documented  in  the  field  scientist's  field 
notebook  and  on  the  groundwater  sampling  form.  As  required,  field  analytical 
equipment  was  calibrated  according  to  the  manufacturers’  specifications  prior  to  field 
use. 
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2.3.3  Groundwater  Sampling  Procedures 

Special  care  was  taken  to  prevent  contamination  of  the  groundwater  and  extracted 
samples  through  cross  contamination  from  improperly  cleaned  equipment.  Water  level 
probes  and  cable  used  to  determine  static  water  levels  and  total  well/point  depths  were 
thoroughly  cleaned  before  and  after  field  use  and  between  uses  at  different  sampling 
locations  according  to  the  procedures  presented  in  the  work  plan  (Parsons  ES,  1996). 
In  addition,  a  clean  pair  of  new,  disposable  latex  gloves  was  worn  each  time  a  different 
well  or  monitoring  point  was  sampled.  Dedicated  HDPE  and  silicone  tubing  were  used 
at  each  sampling  location. 

2.3.3.1  Preparation  of  Location 

Prior  to  starting  the  sampling  procedure,  the  area  around  the  monitoring  well  or 
point  was  cleared  of  foreign  materials,  such  as  brush,  rocks,  and  debris.  These 
procedures  prevented  sampling  equipment  from  inadvertently  contacting  debris  around 
the  monitoring  well/point.  The  integrity  of  the  monitoring  well/point  was  also 
inspected,  and  any  irregularities  in  the  visible  portions  of  the  well/point,  protective 
cover,  or  concrete  pad  were  noted. 

2.3.3.2  Water  Level  and  Total  Depth  Measurements 

Prior  to  removing  any  water  from  the  well  or  shallow  monitoring  points,  the  static 
water  level  was  measured.  In  the  shallow,  0.5-inch-diameter  PVC  monitoring  points, 
an  electrical  water  level  probe  was  used  to  measure  the  depth  to  groundwater  below  the 
well  datum  to  the  nearest  0.01  foot.  An  oil/water  interface  probe  capable  of  measuring 
the  depth  to  both  mobile  LNAPL  (if  present)  and  water  was  used  in  all  the  previously 
installed  2-inch  diameter  wells.  Water  levels  in  the  newly  installed  points  constructed 
of  Teflon®-lined  HDPE  tubing  were  not  obtained.  After  measurement  of  the  static 
water  level,  the  water  level  probe  was  lowered  to  the  bottom  of  the  well/point  for 
measurement  of  total  well/point  depth  (recorded  to  the  nearest  0.1  foot).  Based  on 
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these  measurements,  the  volume  of  water  to  be  purged  from  the  well/point  was 
estimated. 

2.3. 3. 3  Monitoring  Well/Point  Purging 

Where  possible,  three  times  the  calculated  casing  volume  was  removed  from  each 
monitoring  well/point  prior  to  sampling.  Purging  continued  until  the  pH,  DO 
concentration,  ORP,  conductivity,  and  temperature  stabilized  for  a  1-minute  period.  A 
peristaltic  pump  with  dedicated  silicone  and  HDPE  tubing  was  used  for  well 
evacuation.  All  purge  water  from  areas  believed  to  be  contaminated  based  on  field 
observations  and  historical  groundwater  quality  data  was  discharged  onto  the  ground 
surface  inside  the  bum  pit  at  CCFTA-2  (FT-17). 

2.3.3.4  Sample  Collection 

A  peristaltic  pump  with  dedicated  silicon  and  HDPE  tubing  was  used  to  extract 
groundwater  samples  from  each  sampled  well  and  monitoring  point.  In  some  instances, 
purging  was  performed  up  to  24  hours  prior  to  sample  collection.  For  shallow 
monitoring  points  constructed  of  0.5-inch-ID  PVC  casing,  the  dedicated  HDPE  tubing 
was  lowered  down  the  casing  to  approximately  the  middle  of  the  screened  interval. 
Sampling  from  monitoring  points  constructed  of  tubing  was  accomplished  by  attaching 
the  silicon  tubing  directly  to  the  top  of  the  monitoring  point  tubing.  The  samples  were 
transferred  directly  into  the  appropriate  sample  containers.  The  water  was  carefully 
poured  down  the  inner  walls  of  each  sample  bottle  to  minimize  aeration  of  the  sample. 
Sample  bottles  for  BTEX,  TMBs,  CAHs,  and  methane,  ethane,  and  ethene  were  filled 
so  that  there  was  no  headspace  or  air  bubbles  within  the  container. 

2.3.4  Onsite  Chemical  Parameter  Measurement 

DO  measurements  were  taken  using  an  Orion®  Model  840  DO  meter  in  a  flow¬ 
through  cell  at  the  outlet  of  the  peristaltic  pump.  DO  concentrations  were  recorded 
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after  the  readings  stabilized,  and  in  all  cases  represent  the  lowest  DO  concentration 
observed. 

Because  the  electrical  conductivity,  pH,  ORP,  and  temperature  of  the  groundwater 
can  change  significantly  within  a  short  time  following  sample  acquisition,  these 
parameters  were  measured  in  the  field,  in  the  same  flow-through  cell  used  for  DO 
measurements.  Measured  values  were  recorded  on  the  groundwater  sampling  records 
(Appendix  C). 

2.3.5  Sample  Handling 

The  fixed-base  analytical  laboratory  (NRMRL)  provided  pre-preserved  sample 
containers  where  appropriate.  The  sample  containers  were  filled  as  described  in 
Sections  2.2. 3.4,  and  the  container  lids  were  tightly  closed.  The  samples  were  labeled 
as  described  in  the  work  plan. 

After  the  samples  were  sealed  and  labeled,  they  were  transported  to  the  onsite 
NRMRL  mobile  laboratory.  The  following  packaging  and  labeling  procedures  were 
followed: 

•  Samples  were  packaged  to  prevent  leakage  or  vaporization  from  the  containers; 

•  Samples  were  cushioned  to  avoid  breakage. 

Sample  shipment  to  NRMRL  and  the  associated  chain-of-custody  documentation  was 
the  responsibility  of  the  USEPA/NRMRL  field  personnel. 

2.4  SURFACE  WATER  SAMPLING 

Surface  water  samples  were  collected  from  the  canal  adjacent  to  MP4  in  March  1994 
and  January  1996  (Figure  2.1).  These  samples  were  collected  in  order  to  assess  the 
impact  of  groundwater  discharge  on  surface  water  quality.  The  surface  water  samples 
were  analyzed  for  CAHs  only. 
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Surface  water  samples  were  collected  directly  into  the  sample  bottle  by  placing  the 
sample  bottle  in  the  creek  with  the  opening  facing  up  and  allowing  the  water  to  slowly 
fill  the  bottle.  Sample  handling  proceeded  as  described  for  groundwater  samples  in 
Section  2.2.5. 

2.5  SURVEYING 

After  completion  of  field  work,  the  locations  and  elevations  of  all  new  monitoring 
points  and  pre-existing  monitoring  wells  were  surveyed  by  a  licensed  land  surveyor. 
The  horizontal  locations  and  elevations  of  the  measurement  datum  (top  of  PVC  well 
casing)  and  the  ground  surface  adjacent  to  the  well  casing  were  measured  relative  to 
existing  control  points  referenced  to  the  Florida  state  plane  coordinate  system. 
Horizontal  locations  were  surveyed  to  the  nearest  0.1  foot.  Measurement  datum  and 
ground  surface  elevations  were  surveyed  to  the  nearest  0.01  foot.  Survey  data  are 
presented  in  Table  2.2  and  Appendix  A. 


2-23 


I:\PROJECTS\722450\CAPE\5.DOC 


DRAFT 


SECTION  3 

PHYSICAL  CHARACTERISTICS  OF  THE  STUDY  AREA 

This  section  describes  the  physical  characteristics  of  Site  FT- 17  as  determined  from 
data  collected  by  Parsons  ES  in  January  1996,  in  conjunction  with  data  documented  in 
previous  reports  on  Cape  Canaveral  AS.  Investigative  techniques  used  by  Parsons  ES 
to  further  define  the  physical  characteristics  of  the  site  are  discussed  in  Section  2. 

3.1  SURFACE  FEATURES 

3.1.1  Topography 

Cape  Canaveral  AS  is  located  on  a  barrier  island  between  the  Atlantic  Ocean  (to  the 
east)  and  the  Banana  River.  The  CCFTA-2  (FT-17)  site  is  located  about  1,000  feet 
east  of  the  Banana  River,  north  of  the  Industrial  Area  on  the  west  side  of  Cape 
Canaveral  AS  (Figures  1.1  and  1.2).  Surficial  topography  at  the  site  is  characterized 
by  little  relief  other  than  some  sand  mounds  and  berms.  In  the  portion  of  the  site  north 
and  east  of  Titan  in  Road,  topography  is  variable,  but  south  of  the  road  the  land 
surface  generally  slopes  gently  to  the  southwest  toward  the  drainage  canal  south  of  the 
site.  Ground  surface  elevations  range  from  3.2  to  11.8  feet  above  mean  sea  level 
(msl);  the  average  elevation  at  the  site  is  about  7.3  feet  above  msl. 

3.1.2  Surface  Water  Hydrology 

The  CCFTA-2  (FT-17)  site  is  about  800  feet  northeast  of  a  west-northwest-flowing 
drainage  canal  and  is  within  1,000  feet  of  the  Banana  River.  Due  to  the  relatively  level 
land  surface  and  the  sandy  surficial  soils,  nearly  all  precipitation  at  the  site  is  likely  to 
infiltrate  rapidly,  and  overland  runoff  to  the  canal  is  likely  to  be  negligible. 
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3.1.3  Manmade  Features 

FT- 17  is  located  in  a  relatively  undeveloped  portion  of  the  Base  that  is  mostly 
vegetated.  The  site  has  no  man-made  surface  structures  except  for  the  bioventing 
system  and  supports  for  the  removed  ASTs.  Most  of  the  site  is  covered  with  sparse 
vegetation,  and  the  site  area  is  bordered  by  dense  vegetation  such  as  scrub  oak  and 
hardwood  hammock.  The  former  bum  pit  is  a  depression  in  sandy  soil  about  500  feet 
north  of  Titan  III  Road  (Figure  1.2).  An  earthen  berm  borders  the  southwestern 
margin  of  the  bum  pit  area.  South  of  the  site  are  Titan  III  Road  and  the  drainage 
canal. 

3.2  REGIONAL  GEOLOGY  AND  HYDROGEOLOGY 

Cape  Canaveral  AS  is  situated  on  undifferentiated  marine  sands  overlying  the 
Pleistocene-age  Anastasia  Formation  and  Caloosahatchee  Marl  Formation;  these  three 
units  comprise  the  surficial  unconsolidated  deposits  in  the  area.  The  Anastasia 
Formation  is  a  discontinuous  layer  of  undifferentiated  sands  with  silt  and  shells,  and 
may  not  be  present  in  this  area.  According  to  OBG  (1995b),  the  Anastasia  Formation 
was  not  observed  at  site  CCFTA-2  (FT-17).  The  Caloosahatchee  Marl  Formation 
consists  primarily  of  calcareous  sand  and  shell  deposits  with  interbedded  calcareous 
sand,  silt,  and  clay  deposits. 

Underlying  the  Caloosahatchee  Formation  is  the  Tamiami  Formation,  which  consists 
of  limestones,  marls,  silty  sands,  and  clay.  The  Tamiami  Formation  forms  a  shallow 
bedrock  aquifer.  The  marine  sands,  clays,  and  limestones  of  the  Hawthorn  Formation 
underlie  the  Tamiami  Formation.  Interspersed  limestone  layers  form  localized  aquifers 
within  the  Hawthorn  Formation.  Beneath  the  Hawthorn  Formation  is  the  Floridan 
Aquifer,  which  consists  of  Ocala  Formation  limestone  and  extends  to  a  depth  of  more 
than  1,500  feet  below  msl.  Figure  3.1  shows  the  generalized  stratigraphic  sequence  for 
the  area. 
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The  surficial  aquifer  at  Cape  Canaveral  AS  includes  the  undifferentiated  marine 
sands,  the  Anastasia  Formation,  the  Caloosahatchee  Marl,  and  the  Tamiami  Formation. 
The  bottom  of  the  surficial  aquifer  at  Cape  Canaveral  is  about  110  feet  below  msl,  and 
is  formed  by  clay  units  within  the  Hawthorn  Formation  (ESE,  1991a).  This  aquifer  is 
typically  unconfined,  although  local  confined  zones  may  exist  due  to  the  presence  of 
fine-grained  units. 

The  likelihood  of  contamination  of  the  deep  aquifers  from  sources  in  the  shallow 
aquifer  is  thought  to  be  minimal.  This  is  because  the  deep  aquifers  in  the  region 
generally  have  sufficient  pressure  head  to  cause  the  potentiometric  surface  for  the  deep 
aquifers  to  be  higher  than  the  water  table  within  the  shallow  unconfined  aquifer,  thus 
preventing  downward  vertical  groundwater  flow  (and  the  associated  migration  of 
contaminants)  from  the  shallow  aquifer  into  the  deeper  units.  Groundwater  from 
beneath  Cape  Canaveral  is  not  used  for  water  supply  purposes;  the  AS  receives  potable 
water  from  the  city  of  Cocoa,  Florida. 

3.3  SITE  GEOLOGY  AND  HYDROGEOLOGY 

Characterization  of  the  vadose  zone  and  shallow  aquifer  system  in  the  vicinity  of 
Site  CCFTA-2  (FT-17)  has  been  the  objective  of  several  investigations.  Multiple  soil 
boreholes  and  monitoring  wells  (permanent  and  temporary)  have  been  installed  at  the 
site  since  1987.  A  total  of  31  permanent  groundwater  monitoring  wells  have  been 
installed  at  the  site.  Parsons  ES  and  USEPA  personnel  installed  18  small-diameter 
temporary  groundwater  monitoring  points  during  the  1994  and  1996  field  events. 

3.3.1  Lithology  and  Stratigraphic  Relationships 

Surface  soil  at  the  site  consists  of  yellowish-brown  and  yellowish-gray,  fine  to 
coarse  sand  with  some  shell  fragments.  The  soil  is  classified  as  Canaveral-Urban  land 
complex  according  to  the  Soil  Survey  of  Brevard  County  (US  Department  of 
Agriculture,  1974).  This  soil  consists  of  Canaveral  sand  and  Urban  land  that  is  a 
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mixture  of  sand  and  shells  that  have  been  dredged  from  the  Indian  and  Banana  Rivers 
and  used  as  fill  in  tidal  marshes.  Beneath  the  surficial  soil,  an  undifferentiated  marine 
sand  unit  consisting  of  beach,  eolian,  estuarine,  fluvial,  and  marsh  sands  extends  to 
depths  ranging  from  5  to  12  feet  bgs.  From  the  land  surface  to  a  depth  of  about  5  feet, 
the  sediments  are  pale  yellowish-brown,  loose,  well-sorted,  fine  to  coarse  quartz  sand. 
Below  5  feet  bgs,  the  sands  grade  to  a  light-olive-gray  to  medium-gray  color.  The  unit 
contains  variable  amounts  of  fine,  medium,  and  coarse  sand  with  up  to  35-percent 
shells  and  shell  fragments  and  occasional  interspersed  clay  lenses. 

The  Anastasia  Formation  was  not  encountered  at  this  site,  and  the  Caloosahatchee 
Marl,  deposited  during  the  Pleistocene  Epoch,  directly  underlies  the  undifferentiated 
marine  sand  unit.  The  Caloosahatchee  Marl  is  a  medium-gray  to  greenish-gray  unit  of 
fine-grained  calcareous  sand,  unconsolidated  shells  and  shell  fragments,  and 
interbedded  calcareous  sand,  silt,  and  clay  units.  Shells  and  shell  fragments,  which 
locally  comprise  up  to  70  percent  of  the  sediment,  generally  are  from  mollusks, 
including  gastropods  and  bivalves.  Boring  logs  from  deeper  monitoring  wells  at  the 
site  (e.g.,  CCFTA2-08D,  CCFTA2-13D,  CCFTA2-16D,  CCFTA2-19D,  CCFTA2- 
20D,  and  CCFTA2-21D)  indicate  that  a  clay  layer  is  present  within  the  Marl  at  a  depth 
of  about  60  feet  bgs,  but  a  few  logs  (e.g.,  CCFTA2-07D  and  CCFTA2-09D)  show  the 
presence  of  silty  sand  at  about  55  to  60  feet  bgs.  A  few  clay  lenses  were  found  at 
about  20  to  22  feet  bgs  in  the  boreholes  for  wells  CCFTA2-07D  and  CCFTA2-09D, 
and  CPT  data  from  pushes  in  the  vicinity  of  the  former  bum  pit  suggest  that  several 
small  clay  lenses  up  to  2  feet  thick  are  present  a  depths  between  11  and  19  feet  bgs. 
Soil  samples  collected  during  installation  of  monitoring  points  in  January  1996  were 
taken  only  from  the  ground  surface  to  12  feet  bgs.  Only  sandy  materials  were 
observed  in  these  samples. 

Thin  stringers  of  peat  were  observed  in  soil  samples  from  about  20  to  26  feet  bgs  in 
wells  CCFTA2-3,  CCFTA2-5,  CCFTA2-9D  and  CCFTA2-21D.  Sediments  deposited 
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in  a  back-barrier  environment  often  contain  organic-rich  intervals,  as  well  as  intervals 
with  interspersed  organic  matter.  This  is  important  to  consider  when  evaluating 
contaminant  fate  and  transport.  Soil  organic  matter  content  is  discussed  further  in 
Section  4.1.3. 

To  illustrate  these  stratigraphic  relationships,  hydrogeologic  sections  have  been 
developed  from  subsurface  data  derived  from  logs  of  previously  installed  monitoring 
wells  and  from  the  March  1994  CPT  investigation  and  the  January  1996  Geoprobe® 
investigation.  Figure  3.2  shows  the  locations  of  these  sections.  Figure  3.3  presents 
hydrogeologic  section  A-A\  which  is  approximately  parallel  to  the  direction  of 
groundwater  flow.  Figure  3.4  presents  hydrogeologic  section  B-B’,  which  is 
approximately  perpendicular  to  the  direction  of  groundwater  flow.  In  these  sections, 
the  contact  between  the  undifferentiated  marine  sands  and  the  Caloosahatchee  Marl  is 
not  shown,  because  of  the  lithological  similarity  of  the  units. 

3.3.2  Groundwater  Hydraulics 
3.3.2.1  Flow  Direction  and  Gradient 

The  shallow  unconfined  aquifer  at  the  site  consists  of  the  undifferentiated  marine 
sands,  the  Caloosahatchee  Marl,  and  the  Tamiami  Formation,  with  the  bottom  of  the 
aquifer  (as  defined)  at  about  110  feet  bgs.  The  clay  layer  observed  at  about  60  feet  bgs 
appears  to  be  present  throughout  the  site  and  may  serve  as  a  lower  confining  unit  for 
the  shallow  flow  system  at  the  site.  Recharge  to  the  aquifer  occurs  through  the 
infiltration  of  precipitation  through  the  thin  and  sandy  vadose  zone.  Assuming 
negligible  runoff,  the  amount  of  recharge  is  approximately  equal  to  the  amount  of 
precipitation  less  the  amount  returned  to  the  atmosphere  through  evapotranspiration. 
Data  from  Patrick  Air  Force  Base  (AFB)  (ESE,  1991b)  suggests  that  about  4.4  inches 
of  precipitation  may  annually  recharge  the  shallow  aquifer  near  the  site;  however, 
because  of  the  sandy  soils  and  the  relatively  level  ground  surface  at  the  site,  recharge 
might  be  greater  at  CCFTA-2  (FT- 17). 

3-6 

I:\PROJECTS\722450\CAPE\6.DOC 


95=80  ID  £6Al/S0  '9frZ0N096x  nr 


5t\H 


SOUTHWEST  2  NORTHEAST 


(TSU  JL33J)  NOliVAJQ 


90  :L0  P  L6/+1/90  ‘9>20Na96\S3ynOU\6209An 

3-8 


NORTHWEST  ro  SOUTHWEST 


co 

*o 


o  o  o 

CM  tO  ^4“ 

I  I  I 


1-3VJJ00 


a-ZVJJOO 


81d0  'LLdO 

91d0 

Z.-2VJJ00 


K.v  v 


<V 

1 1 1 1 II  /N\ 

AN 


1160 


13-3V1J00 


9L-3V1J00 


o  o 


(TSH  13U)  N011VATE 


0> 

_  cn 

^1'E 

rzz  -C  -*-# 

CO  CO  CO 
<I>  ^ 

E°g 

O  ^  CL 
W  0_ 
o 

XJ-.C 

c  9“  .2 

o  3  w 

a>  o  o 
co  o  O 
o  o 

o  co 
CJ  . . 

co  c 
o  “5  a> 
~  >  E 
a>  o)  S' 

.£  -£  E 

Li _ E  Li_ 


0  £ 
Z  » 

gg° 

^  III 


3-9 


St-Z.0  »D  Z6/tl/S0  Y>20Na96\S3ynSU\630S>\n 


DRAFT 


The  water  table  at  CCFTA-2  (FT-17)  is  present  from  about  2.1  to  11.4  feet  bgs 
(OBG,  1995b).  Table  3.1  summarizes  groundwater  level  measurements  collected  in 
January  1996.  Groundwater  flow  at  the  site  is  to  the  southwest  and  west,  toward  the 
Banana  River  and  the  drainage  canal.  Figure  3.5  shows  the  water  table  elevations  and 
flow  conditions  in  the  shallow  portion  of  the  aquifer  on  January  27,  1996.  Flow  in  the 
deeper  portion  of  the  aquifer  is  also  to  the  southwest  and  west.  The  horizontal 
hydraulic  gradients  measured  on  July  25,  1994  were  0.0004  foot  per  foot  (ft/ft)  in  the 
shallow  part  of  the  aquifer  and  0.0002  ft/ft  in  the  deeper  part  of  the  aquifer  (OBG, 
1995b).  On  January  27  ,  1996,  horizontal  gradients  in  the  shallow  part  of  the  aquifer 
ranged  from  0.00077  ft/ft  to  0.0017  ft/ft,  with  an  average  of  0.0012  ft/ft;  in  the  deeper 
part  of  the  aquifer,  the  average  horizontal  gradient  was  about  0.0008  ft/ft. 

Vertical  gradients  also  were  measured  at  well  nests  on  the  same  dates.  The  July 
1994  results  indicated  that  the  vertical  component  of  groundwater  flow  within  the 
shallow  aquifer  in  the  vicinity  of  the  bum  area  and  drum  disposal  trench  was 
downward,  while  away  from  that  area  (toward  the  canal  and  the  river)  vertical 
gradients  indicated  that  flow  was  upward  (OBG,  1995b).  In  January  1996,  gradients 
ranged  from  0.0003  ft/ft  to  0.011  ft/ft,  and  were  mostly  upward.  Both  sets  of  data 
suggest  that  flow  from  the  shallow  aquifer  discharges  to  the  canal  and  the  Banana 
River.  Figure  3.6  presents  a  vertical  profile  of  heads  in  the  shallow  aquifer  showing 
flow  patterns  indicated  by  the  January  1996  data.  The  flow  patterns  shown  on  Figure 
3.6  confirm  that  vertical  flow  at  the  site  is  generally  upward,  converging  on  the 
drainage  canal. 

3.3.2.2  Hydraulic  Conductivity 

During  the  RI  field  activities,  OBG  (1995b)  performed  in  situ  hydraulic  conductivity 
tests  at  19  monitoring  wells.  In  the  uppermost  portion  of  the  shallow  aquifer, 
measured  hydraulic  conductivities  ranged  from  1.8  x  10"2  foot  per  minute  (ft/min)  to 
8.1  x  10'2  ft/min.  The  geometric  mean  of  these  values  is  3.6  x  10'2  ft/min  (OBG, 
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TABLE  3.1 

GROUNDWATER  LEVEL  MEASUREMENTS 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Well 

Location 


MP-1S 


MP-2 


MP-3 


MP-4S 


MP-5 


MP-6 


CPT-1 


CPT-2 


CPT-3 


CPT-4 


CPT-7 


CCFTA2-1 


CCFTA2-2 


CCFTA2-3 


CCFTA2-4 


CCFTA2-5 


CCFTA2-6 


CCFTA2-7S 


CCFTA2-7D 


CCFTA2-8S 


CCFTA2-8D 


CCFTA2-9S 


CCFTA2-9D 


CCFTA2-10 


CCFTA2-1 1 


CCFTA2-12 


CCFTA2-13S 


CCFTA2-13D 


CCFTA2-14 


CCFTA2-15 


CCFTA2-16S 


CCFTA2-16D 


CCFTA2-17 


CCFTA2-18 


CCFTA2-19S 


CCFTA2-19I 


CCFTA2-19D 


CCFTA2-20S 


CCFTA2-20I 


CCFTA2-20D 


CCFTA2-21S 


CCFTA2-21I 


CCFTA2-21D 


(inches) 


Datum 

Elevation 

(ftmsl)*' 


Ground 

Elevation 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


1/27/96 


ft  msl  =  feet  above  mean  sea  level, 
ft  btoc  =  feet  below  top  of  casing. 
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1995b).  In  the  deeper  portion  of  the  aquifer,  measured  hydraulic  conductivities  ranged 
from  1.7  x  10'2  ft/min  to  4.9  x  10'2  ft/min,  with  a  geometric  mean  of  2.9  x  10’2  ft/min. 
These  results  are  summarized  in  Table  3.2,  along  with  results  from  slug  tests  at  wells 
CCFTA2-19  through  CCFTA2-21.  The  latter  results  are  from  tests  conducted  by  OBG 
(1996a)  in  December  1995.  The  mean  of  all  the  measured  conductivity  values  is 
approximately  3.1  x  10"2  ft/min  [44.6  feet  per  day  (fft/day)].  Slug  test  data  from  1995 
also  indicate  that  conductivities  decrease  slightly  with  depth  in  the  shallow  aquifer. 

3.3.2.3  Effective  Porosity 

Because  of  the  difficulty  involved  in  accurately  determining  effective  porosity, 
accepted  literature  values  for  the  type  of  soil  making  up  the  shallow  saturated  zone 
were  used.  Walton  (1988)  gives  ranges  of  effective  porosity  for  fine  to  coarse  sand  of 
0.1  to  0.35.  An  average  effective  porosity  of  0.2  was  assumed  for  this  project. 

3.3.2.4  Advective  Groundwater  Velocity 

The  advective  velocity  of  shallow  groundwater  in  the  direction  parallel  to 
groundwater  flow  is  given  by: 

-  KdH 

v  = - 

n,  dL 

Where:  v  =  Average  advective  groundwater  velocity  (seepage  velocity)  [L/T] 

K  =  Hydraulic  conductivity  [L/T]  (3.6  x  10‘2  ft/min,  or  52  feet  per  day) 
dH/dL  =  Gradient  [L/L]  (0.0012  ft/ft) 
n,,  =  Effective  porosity  (0.2). 

Using  this  relationship  in  conjunction  with  site-specific  data,  the  average  advective 
groundwater  velocity  at  the  site  in  January  1996  was  0.31  ft/day,  or  approximately 
113  feet  per  year.  The  velocity  in  the  shallow  portion  of  the  aquifer  may  be  slightly 
greater  than  this  average  value,  and  in  the  lower  portion  of  the  aquifer,  the  velocity 
may  be  slightly  slower.  OBG  (1995b)  reported  the  groundwater  flow  velocities  in  the 
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TABLE  3.2 

SUMMARY  OF  HYDRAULIC  CONDUCTIVITY 
TESTING  RESULTS 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Well 

Name 

Test 

Date 

Well 

Diameter 

(inches) 

Screen 

Length 

(feet) 

Hydraulic 

Conductivity 

(ft/min) 

CCFTA2-01 

10/15/93 

2 

20 

2.7E-02 

CCFTA2-02 

10/15/93 

2 

20 

4.6E-02 

CCFTA2-03 

10/15/93 

2 

20 

3.7E-02 

CCFTA2-04 

10/15/93 

2 

20 

2.0E-02 

CCFTA2-05 

10/15/93 

2 

20 

2.3E-02 

CCFTA2-07D 

10/18/93 

2 

15 

3.4E-02 

CCFTA2-07S 

10/18/93 

2 

10 

6.5E-02 

CCFTA2-08D 

10/18/93 

2 

15 

1.7E-02 

CCFTA2-08S 

10/18/93 

2 

10 

2.8E-02 

CCFTA2-10 

10/15/93 

2 

20 

2.5E-02 

CCFTA2-11 

10/15/93 

2 

20 

1.8E-02 

CCFTA2-12 

10/15/93 

2 

10 

4.7E-02 

CCFTA2-13D 

10/18/93 

2 

10 

4.9E-02 

CCFTA2-13S 

10/18/93 

2 

10 

4.3E-02 

CCFTA2-14 

10/18/93 

2 

10 

8.1E-02 

CCFTA2-15 

10/18/93 

2 

10 

2.0E-02 

CCFTA2-16D 

10/18/93 

2 

10 

2.4E-02 

CCFTA2-16S 

10/18/93 

2 

10 

5.5E-02 

CCFTA2-17 

10/18/93 

4 

10 

6.0E-02 

CCFTA2-19S 

12/13/95 

2 

10 

2.5E-02 

CCFTA2-19I 

12/7/95 

2 

5 

1.6E-02 

CCFTA2-19D 

12/7/95 

2 

5 

1.1E-02 

CCFTA2-20S 

12/13/95 

2 

10 

2.7E-02 

CCFTA2-20I 

12/7/95 

2 

5 

5.2E-03 

CCFTA2-20D 

12/7/95 

2 

5 

7.7E-03 

CCFTA2-21S 

12/13/95 

2 

10 

2.9E-02 

CCFTA2-21I 

12/7/95 

2 

5 

2.2E-02 

CCFTA2-21D 

12/7/95 

2 

5 

1.6E-02 

AVERAGE: 


3.1E-02  | 


Sources:  OBG,  1995b  and  1996a. 
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shallow  and  deep  portions  of  the  aquifer  as  0.08  ft/day  and  0.03  ft/day,  respectively, 
using  data  that  indicated  a  shallower  gradient  and  a  slightly  greater  effective  porosity. 

3.3.2.5  Preferential  Flow  Paths 

There  is  no  obvious  evidence  of  preferential  groundwater  flow  paths  at  CCFTA-2 
(FT-17).  The  sandy  site  soils  are  relatively  permeable,  and  any  utility  trenches  in  the 
soils  are  not  likely  to  have  significantly  greater  permeability  than  the  native  soils.  No 
zones  of  significantly  higher  hydraulic  conductivity  have  been  identified  through  soil 
sampling  or  aquifer  testing.  The  groundwater  flow  map  presented  in  Figure  3.5  further 
shows  that  flow  patterns  at  the  site  do  not  indicate  a  preferred  migration  direction. 

3.3.3  Groundwater  Use 

Groundwater  from  beneath  Cape  Canaveral  AS  is  not  used  for  water  supply 
purposes;  the  Base  receives  potable  water  from  the  city  of  Cocoa,  Florida.  Potable 
water  wells  in  the  area  are  typically  screened  in  the  Floridan  Aquifer.  The  deep 
aquifers  in  the  region  generally  have  sufficient  pressure  head  to  cause  the 
potentiometric  surface  for  the  deep  aquifers  to  be  higher  than  the  water  table  within  the 
shallow  unconfmed  aquifer,  thus  preventing  downward  vertical  groundwater  flow  (and 
the  associated  migration  of  contaminants)  from  the  shallow  aquifer  into  the  deeper 
units. 

3.4  CLIMATE 

The  climate  of  the  barrier  island  is  humid  subtropical.  Monthly  mean  high 
temperatures  range  from  69  degrees  Fahrenheit  (°F)  in  January  to  87°F  in  July  and 
August.  Extreme  high  and  low  temperatures  for  the  period  from  1950  to  1980  were 
99°F  and  27°F,  respectively.  Rainfall  is  unevenly  distributed  throughout  the  year,  with 
the  period  from  June  through  October  having  distinctly  more  precipitation  than  the  rest 
of  the  year.  A  30-year  (1950  to  1980)  mean  of  the  annual  precipitation  recorded  at 
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Patrick  AFB,  south  of  Cape  Canaveral,  is  44.7  inches,  with  a  mean  annual 
evapotranspiration  of  40.3  inches  (ESE,  1991b). 
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SECTION  4 

CONTAMINANT  DISTRIBUTION  AND  EVIDENCE  FOR 

BIODEGRADATION 

As  noted  in  Section  1,  contaminants  at  CCFTA-2  (FT-17)  were  introduced  as  a 
result  of  fire  training  activities  and  the  storage  of  petroleum  and  solvents  used  for 
training  exercises.  Work  during  the  RI/FS  and  the  EE/CA  focused  on  defining  the 
nature  and  extent  of  contamination  at  the  site.  Results  of  those  studies  that  are  useful 
for  the  objectives  of  this  TS  are  summarized  in  the  following  subsections,  along  with 
data  collected  during  the  field  phase  of  this  work.  In  particular,  this  section  focuses  on 
data  useful  for  evaluating  and  modeling  natural  attenuation  of  CAHs. 

4.1  CONTAMINANT  SOURCES  AND  SOIL  CHEMISTRY 

4.1.1  Mobile  LNAPL 

Mobile  LNAPL  is  defined  as  the  LNAPL  that  is  free  to  flow  in  the  aquifer  and  that 
will  flow  from  the  aquifer  matrix  into  a  well  under  the  influence  of  gravity.  Mobile 
LNAPL  was  observed  in  two  areas,  centering  around  CCFTA2-9  (immediately  south 
and  west  of  the  burial  trench)  and  CCFTA2-6  (south  of  the  former  bum  pit,  near  where 
the  AST  system  was  located).  OBG  (1995b)  installed  55  temporary  well  point  to  more 
thoroughly  delineate  mobile  and  residual  LNAPL.  The  well  points  were  placed  in  the 
vicinity  of  the  burial  trench  and  the  former  bum  pit.  Several  rounds  of  mobile  LNAPL 
thickness  data  were  collected  from  these  well  points.  Table  4.1  presents  LNAPL 
thickness  data  collected  by  Parsons  ES  in  January  1996.  Figure  4.1  shows  the 
locations  of  the  well  points  and  summarizes  LNAPL  thickness  data  collected  by  OBG 
(1995b)  in  September  1994,  along  with  the  January  1996  data. 
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TABLE  4.1 

LNAPL  THICKNESS  MEASUREMENTS 

CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Total  Depth 

Total  Depth 

LNAPL 

Well 

to  LNAPL 

to  Water 

Thickness 

Location 

Date 

(ft  btoc)*7 

(ft  btoc) 

(feet) 

WP01 

1/22/96 

b/ 

7.96 

0.00 

WP02 

1/22/96 

- 

7.62 

0.00 

WP03 

1/22/96 

- 

7.77 

0.00 

WP04 

1/22/96 

- 

7.65 

0.00 

WP12 

1/22/96 

6.72 

6.72 

trace^ 

WP13 

1/22/96 

- 

7.92 

0.00 

WP14 

1/22/96 

6.20 

6.97 

0.77 

WP15 

1/22/96 

8.15 

8.28 

0.13 

WP16 

1/22/96 

6.66 

6.67 

0.01 

WP17 

1/22/96 

6.31 

6.33 

0.02 

WP20 

1/22/96 

6.54 

6.55 

0.01 

WP21 

1/22/96 

2.66 

2.66 

trace 

WP22 

1/22/96 

7.32 

7.32 

trace 

WP26 

1/22/96 

10.39 

10.39 

trace 

WP27 

1/22/96 

- 

7.70 

0.00 

WP29 

1/22/96 

6.77 

7.21 

0.44 

WP30 

1/22/96 

- 

9.71 

0.00 

WP31 

1/22/96 

8.99 

9.06 

0.07 

WP33 

1/22/96 

6.71 

7.30 

0.59 

WP34 

1/22/96 

- 

7.17 

0.00 

WP35 

1/22/96 

7.88 

7.88 

trace 

WP36 

1/22/96 

- 

6.75 

0.00 

WP37 

1/22/96 

7.18 

0.00 

WP40 

1/22/96 

- 

5.61 

0.00 

WP41 

1/22/96 

- 

7.44 

0.00 

WP43 

1/22/96 

- 

9.47 

0.00 

WP45 

1/22/96 

- 

10.31 

0.00 

WP47 

1/22/96 

11.18 

11.18 

trace 

WP48 

1/22/96 

10.27 

10.29 

0.02 

WP49 

1/22/96 

~ 

11.05 

0.00 

WP50 

1/22/96 

9.96 

9.96 

trace 

WP51 

1/22/96 

- 

7.14 

0.00 

WP53 

1/22/96 

- 

10.67 

0.00 

WP54 

1/22/96 

11.16 

11.17 

0.01 

WP55 

1/22/96 

7.58 

0.00 

WP56 

1/22/96 

8.25 

8.25 

trace 

WP57 

1/22/96 

- 

10.13 

0.00 

WP59 

1/22/96 

- 

10.44 

0.00 

CCFTA2-6 

1/23/96 

9.15 

9.15 

trace 

CCFTA2-9 

1/23/96 

- 

8.34 

0.00 

CCFTA2-18 

1/23/96 

-- 

6.23 

0.00 

17  LNAPL  =  light  nonaqueous-phase  liquid;  ft  btoc  =  feet  below  top  of  casing. 
b/  -  =  no  LNAPL  detected. 

d  trace  =  probe  indicated  LNAPL  present,  but  thickness  was  not  measurable. 
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In  the  vicinity  of  the  burial  trench,  the  maximum  measured  mobile  LNAPL 
thickness  was  1.48  feet  in  well  point  WP17,  observed  in  February  1994  (OBG,  1995b). 
South  of  the  burn  pit,  the  maximum  LNAPL  thickness  measured  by  OBG  was  0.93  foot 
in  well  point  WP07,  also  observed  in  February  1994.  LIF  data  collected  in  March 
1994  indicated  the  potential  presence  of  mobile  LNAPL  at  four  locations:  CCAF-01 
(adjacent  to  monitoring  well  CCFTA2-06);  CCAF-06  and  CCAF-07  (between  well 
CCFTA2-09  and  the  bum  pit);  and  CCAF-08  (at  the  western  edge  of  the  bum  pit). 
The  LIF  results  are  consistent  with  the  1994  mobile  LNAPL  data  presented  by  OBG 
(1995b).  In  1996,  the  maximum  LNAPL  thickness  observed  was  0.77  foot,  at  well 
point  WP14  (in  the  vicinity  of  CCFTA2-9).  In  general,  measurable  thicknesses  of 
mobile  LNAPL  were  observed  only  in  the  vicinity  of  CCFTA2-9.  Traces  of  LNAPL 
were  detected  in  wells  in  the  vicinity  of  CCFTA2-6  and  the  burn  pit.  While  these  data 
suggest  that  the  mobile  LNAPL  bodies  may  be  shrinking,  they  also  may  reflect  changes 
due  to  water  table  fluctuations. 

The  relationship  between  the  measured  LNAPL  thickness  in  a  monitoring  well  and 
the  total  amount  of  mobile  LNAPL  in  the  subsurface  at  a  site  is  extremely  difficult  to 
quantify.  It  is  well  documented  that  LNAPL  thickness  measurements  taken  in 
groundwater  monitoring  wells  are  not  indicative  of  actual  mobile  LNAPL  thicknesses 
in  the  formation  (de  Pastrovich  et  al.,  1979;  Blake  and  Hall,  1984;  Hall  et  al.,  1984; 
Hughes  et  al.,  1988;  Abdul  et  al.,  1989;  Testa  and  Paczkowski,  1989;  Kemblowski 
and  Chiang,  1990;  Lehnard  and  Parker,  1990;  Mercer  and  Cohen,  1990;  Ballestero  et 
al.,  1994).  It  has  been  noted  by  these  authors  that  the  thickness  of  LNAPL  measured 
in  a  monitoring  well  is  greater  than  the  actual  mobile  LNAPL  thickness  present  in  the 
aquifer,  and  according  to  Mercer  and  Cohen  (1990),  measured  LNAPL  thickness  in 
wells  is  typically  2  to  10  times  greater  than  the  actual  mobile  LNAPL  thickness  in  the 
formation.  Furthermore,  only  a  fraction  of  the  mobile  LNAPL  may  be  recoverable. 
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Samples  of  LNAPL  were  collected  for  analysis  by  OBG  (1995b)  in  July  and 
September  1993  and  by  USEPA  personnel  in  March  1994.  During  both  events, 
samples  were  collected  from  wells  CCFTA2-6  and/or  CCFTA2-9S.  Results  of  these 
analyses  are  presented  in  Table  4.2.  In  the  1993  OBG  sample  from  CCFTA2-6,  the 
LNAPL  almost  entirely  consisted  of  petroleum  hydrocarbons,  with  the  exception  of 
low  concentrations  of  the  PCB  Aroclor-1242.  Interestingly,  the  TPH  concentration  for 
this  sample  was  less  than  300  milligrams  per  kilogram  (mg/kg).  The  USEPA  analysis 
of  the  1994  sample  from  this  well  indicates  that  it  largely  consists  of  petroleum 
hydrocarbons,  specifically  paraffins,  olefins,  and  polynuclear  aromatic  hydrocarbons 
(PNAs).  Taken  together,  these  data  suggest  that  the  mobile  LNAPL  in  the  vicinity  of 
CCFTA2-6  is  severely  weathered  and  largely  consists  of  heavier,  long-chained 
hydrocarbons  that  may  not  have  been  detected  by  the  OBG  (1995b)  TPH  analytical 
method.  OBG  (1995b)  reported  that  on  the  basis  of  a  gas  chromatograph  (GC) 
fingerprint  analysis,  their  sample  from  this  well  may  not  have  been  representative; 
which  may  also  account  for  the  apparent  absence  of  TPH  compounds. 

Mobile  LNAPL  samples  from  CCFTA2-9S  contained  petroleum  hydrocarbons, 
CAHs,  and  Aroclor-1242.  OBG  (1995b)  reported  that  on  the  basis  of  GC  fingerprint 
analysis,  the  mobile  LNAPL  is  similar  to  kerosene  or  JP-7  jet  fuel.  It  was  not 
specified  whether  this  represents  the  fingerprint  for  the  weathered  LNAPL  or  is  an 
estimation  of  the  fresh  LNAPL  composition.  The  TPH  concentration  in  the  1993 
sample  was  830,000  mg/kg.  The  USEPA  analysis  of  the  1994  sample  from  this  well 
indicated  that  in  addition  to  paraffins,  olefins,  and  PNAs,  the  mobile  LNAPL  from 
CCFTA2-9S  contained  low  concentrations  of  alkylbenzenes  (Table  4.2).  Moreover, 
both  samples  from  this  well  contained  significant  concentrations  of  TCE.  In  the  OBG 
sample,  the  TCE  concentration  was  22,000  mg/kg,  while  in  the  USEPA  sample  the 
TCE  concentration  was  about  13,300  mg/kg.  The  USEPA  analysis  also  revealed  the 
presence  of  tetrachloroethene  (PCE)  and  cis-  1,2-DCE,  at  concentrations  of  259  mg/kg 
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Calculated  assuming  a  specific  gravity  of  1  (as  reported  by  OBG,  1995b).  "Calculated  assuming  a  specific  gravity  of  0.75 

Calculated  assuming  a  specific  gravity  of  0.92  (as  reported  by  OBG,  1995b).  (from  LNAPL  data  provided  by  USEPA  NRMRL). 

TPH  « total  petroleum  hydrocarbons.  0  ND  -  not  detected. 

Calculated  assuming  a  speci fic  gravity  of  0.747  ^  PN As  -  polynuclear  aromatic  hydrocarbons. 

(from  LNAPL  data  provided  by  USEPA  NRMRL). 
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and  2,693  mg/kg,  respectively.  This  indicates  that  the  mobile  LNAPL  in  the  vicinity 
of  CCFTA2-9  is  probably  the  most  significant  source  of  dissolved  CAHs  and  petroleum 
hydrocarbons  (especially  BTEX)  in  site,  groundwater.  The  decrease  in  TCE 
concentrations  from  September  1993  to  March  1994  may  represent  weathering  and  or 
mass  loss  due  to  dissolution,  but  may  also  be  a  partial  result  of  heterogeneity  of  the 
LNAPL,  other  changes  in  site  conditions,  and  differing  sampling  techniques  and 
analytical  methods. 

4.1.2  Residual  Contamination 

Residual  LNAPL  is  defined  as  the  LNAPL  that  is  trapped  in  the  aquifer  by  the 
processes  of  cohesion  and  capillarity,  and  therefore  will  neither  flow  within  the  aquifer 
nor  flow  from  the  aquifer  matrix  into  a  well  under  the  influence  of  gravity.  At  this 
site,  residual  LNAPL  consists  primarily  of  fuel  hydrocarbons  derived  from  waste  fuels, 
along  with  cosolvenated  CAHs.  As  part  of  the  previous  work  at  the  site,  several 
rounds  of  soil  samples  were  collected.  The  following  summary  of  the  previous  data 
serves  to  delineate  the  distribution  of  residual  contamination.  Soil  samples  collected 
during  this  investigation  were  not  analyzed  for  contaminants  because  sampling  locations 
were  well  away  from  the  defined  source  areas. 

Soil  sampling  data  reported  by  OBG  (1995b)  indicate  that  VOCs  detected  at  the  site 
(and  considered  elevated  compared  to  reference  values)  include  PCE,  TCE,  and  VC. 
PCE  concentrations  ranged  from  0.0055  mg/kg  to  0.47  mg/kg,  while  TCE 
concentrations  ranged  from  0.78  mg/kg  to  8.5  mg/kg.  Vinyl  chloride  was  detected  at  a 
concentration  of  0.15  mg/kg.  VOCs  were  detected  in  four  areas:  at  the  northeastern 
end  of  the  burial  trench,  near  the  southwestern  end  of  the  trench,  in  and  west  of  the 
former  bum  pit,  and  near  well  CCFTA2-6  (in  the  vicinity  of  the  former  AST  system). 
VOC  concentrations  in  site  soils  were  highest  in  the  area  immediately  southwest  of  the 
drum  burial  trench.  The  data  presented  by  OBG  (1995b)  suggest  that  soil  VOC 
contamination  has  a  relaively  even  vertical  distribution,  with  slightly  greater 
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concentrations  present  in  deeper  soils,  near  the  water  table.  However,  given  the  soil 
contaminant  evidence  presented  by  OBG  (1995b)  and  considering  groundwater 
contaminant  data  (presented  in  Section  4.3),  LNAPL  (mobile  and  residual)  in  the 
vicinity  of  the  trench  is  likely  the  most  significant  source  of  groundwater  contamination 
at  CCFTA-2  (FT-17). 

4.1.3  Total  Organic  Carbon  in  Soil 

TOC  concentrations  are  used  to  estimate  the  amount  of  organic  matter  sorbed  to  soil 
particles  or  trapped  in  the  interstitial  passages  of  a  soil  matrix.  The  TOC  concentration 
in  the  saturated  zone  is  an  important  parameter  used  to  estimate  the  amount  of 
contaminant  that  could  potentially  be  sorbed  to  the  aquifer  matrix.  Sorption  results  in 
retardation  of  the  contaminant  plume  relative  to  the  average  advective  groundwater 
velocity.  In  addition,  TOC  can  be  used  as  a  gross  indicator  of  organic  compounds  that 
are  available  as  a  source  of  carbon  and  electron  donors  (or  substrate)  for  microbial 
activity. 

Soil  TOC  concentrations  were  measured  in  16  samples  from  3  CPT  locations  in 
1994,  and  in  5  samples  from  5  Geoprobe®  locations  in  1996.  These  data  are 
summarized  in  Table  4.3,  and  sampling  locations  are  shown  on  Figure  2.1.  Soil 
samples  were  collected  from  below  the  water  table  or  in  the  capillary  fringe.  Soil  TOC 
concentrations  at  CCFTA-2  (FT-17)  ranged  from  0.017  percent  to  0.836  percent,  with 
an  average  TOC  content  of  0.184  percent.  Some  of  the  CPT  samples  were  taken  in 
areas  with  soil  contamination  (which  could  possibly  bias  the  results  high),  but  the 
remainder  were  not. 

The  average  TOC  content  of  site  soils  is  slightly  higher  than  values  reported  for 
other  sites  with  sandy  soils  (e.g.,  the  TOC  data  compiled  by  Wiedemeier  et  al.,  1995). 
This  is  consistent  with  the  depositional  environment  of  site  soils  described  in  Section 
3.3.1,  in  which  organic  matter  (peat)  may  be  deposited  in  discrete  intervals  or 
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TABLE  4.3 

TOTAL  ORGANIC  CARBON  IN  SOIL 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Sampling 

Location 

Sampling 

Date 

Sample 
Depth 
(feet  bgs) 

Total 

Organic  Carbon 
(percent) 

1  . . . . - . 

MP-1S 

1/24/96 

9-10 

0.041 

MP-3 

1/24/96 

9-10 

0.114 

MP-4S 

1/24/96 

7-8 

0.019 

MP-5 

1/24/96 

7-8 

0.017 

MP-6 

1/24/96 

7-8 

0.021 

CCAF-Ol87 

3/29/94 

5.5 -6.5 

0.422 

CCAF-01*7 

3/29/94 

6.5  -  7.5 

0.467 

CCAF-Ol" 

3/29/94 

7.5  -  8.5 

0.293 

CCAF-01*7 

3/29/94 

8.5  -  9.5 

0.04 

CCAF-01B37 

3/29/94 

5.5  -  6.5 

0.044 

CCAF-01B87 

3/29/94 

6.5  -  7.5 

0.075 

CCAF-01B*7 

3/29/94 

7.5  -  8.5 

0.041 

CCAF-01B37 

3/29/94 

8.5  -  9.5 

0.018 

CCAF-06*7 

3/29/94 

3.5 -4.5 

0.216 

CCAF-0647 

3/29/94 

4.5 -5.5 

0.148 

CCAF-0687 

3/29/94 

5.5  -  6.5 

0.836 

CCAF-0617 

3/29/94 

6.5  -  7.5 

0.361 

CCAF-0717 

3/29/94 

5.5  -  6.5 

0.174 

CCAF-07a/ 

3/29/94 

6.5  -  7.5 

0.424 

CCAF-07*7 

3/29/94 

7.5  -  8.5 

0.07 

CCAF-07*7 

3/29/94 

8.5  -  9.5 

0.023 

Range: 

Average: 

0.017-0.836 

0.184 

87  Results  may  be  biased  due  to  the  presence  of  soil  contamination. 
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dispersed  in  the  sandy  units.  As  discussed  in  Section  3.3.1,  stringers  of  peat  were 
observed  in  several  boreholes  at  CCFTA-2  (FT-17).  Therefore,  there  may  be  localized 
areas  in  which  mich  higher  concentrations  of  organic  carbon  are  present.  None  of  the 
samples  collected  for  TOC  analyses  were  collected  from  intervals  containing  peat, 
which  provides  a  significant  reservoir  of  organic  carbon.  In  general,  the  soil  TOC  data 
for  CCFTA-2  (FT-17)  suggest  that  in  addition  to  having  sufficient  organic  carbon  to 
retard  organic  contaminant  migration,  there  may  be  enough  organic  matter  to  provide  a 
suitable  substrate  for  microbial  activity. 

4.2  OVERVIEW  OF  HYDROCARBON  BIODEGRADATION 

Mechanisms  for  natural  attenuation  of  CAHs  and  BTEX  include  biodegradation, 
dispersion,  dilution  from  recharge,  sorption,  and  volatilization.  Of  these  processes, 
biodegradation  is  the  only  mechanism  working  to  transform  contaminants  into 
innocuous  byproducts.  Intrinsic  bioremediation  occurs  when  indigenous 
microorganisms  work  to  bring  about  a  reduction  in  the  total  mass  of  contamination  in 
the  subsurface  without  the  addition  of  nutrients.  In  order  to  provide  a  foundation  for 
interpreting  site  data,  the  following  subsections  review  the  major  bioremediation 
processes  that  act  upon  CAHs  and  BTEX. 

As  discussed  previously,  the  focus  of  this  evaluation  is  on  RNA  of  CAHs  dissolved 
in  groundwater.  However,  because  BTEX  compounds  are  present  at  CCFTA-2  (FT- 
17),  and  because  such  compounds  may  play  a  role  in  the  biodegradation  of  CAHs,  the 
following  sections  discuss  the  biodegradation  of  both  BTEX  and  CAHs.  Because  the 
terminology  describing  biodegradation  of  both  types  of  compounds  is  similar,  a 
generalized  review  of  the  processes  is  presented  first. 

4.2.1  Review  of  Biodegradation  Processes 

Microorganisms  obtain  energy  for  cell  production  and  maintenance  by  facilitating 
thermodynamically  advantageous  reduction/oxidation  (redox)  reactions  involving  the 
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transfer  of  electrons  from  electron  donors  to  available  electron  acceptors.  This  results 
in  the  oxidation  of  the  electron  donor  and  the  reduction  of  the  electron  acceptor. 
Electron  donors  may  be  natural  organic  carbon,  fuel  hydrocarbon  compounds,  and 
less-chlorinated  solvents  [e.g.,  VC,  DCE,  or  dichloroethane  (DCA)].  Fuel 
hydrocarbons  or  solvents  are  completely  degraded  or  detoxified  if  they  are  utilized  as 
the  primary  electron  donor  (i.e.,  as  a  primary  substrate  or  carbon  source)  for  microbial 
metabolism  (Bouwer,  1992).  Electron  acceptors  are  elements  or  compounds  that  occur 
in  relatively  oxidized  states,  and  include  oxygen,  nitrate,  ferric  iron,  sulfate, 
manganese,  carbon  dioxide,  and  highly  chlorinated  solvents  [e.g.,  PCE,  TCE, 
trichloroethane  (TCA),  and  polychlorinated  benzenes]. 

The  driving  force  of  biodegradation  is  electron  transfer,  which  is  quantified  by  the 
Gibbs  free  energy  of  the  reaction  (AG°r)  (Stumm  and  Morgan,  1981;  Bouwer,  1994; 
Godsey,  1994).  The  value  of  AG°r  represents  the  quantity  of  free  energy  consumed 
(AG°r>0)  or  yielded  (AG°r<0)  to  the  system  during  the  reaction.  Although 
thermodynamically  favorable,  most  of  the  reactions  involved  in  biodegradation  of  fuel 
hydrocarbons  or  CAHs  cannot  proceed  abiotically  because  of  the  lack  of  activation 
energy.  Microorganisms  are  capable  of  providing  the  necessary  activation  energy; 
however,  they  will  facilitate  only  those  redox  reactions  that  have  a  net  yield  of  energy 
(i.e.  AG°r  <  0).  Microorganisms  preferentially  utilize  electron  acceptors  while 
metabolizing  hydrocarbons  (Bouwer,  1992).  DO  is  utilized  first  as  the  prime  electron 
acceptor.  After  the  DO  is  consumed,  anaerobic  microorganisms  use  electron  acceptors 
in  the  following  order  of  preference:  nitrate,  manganese,  ferric  iron  hydroxide,  sulfate, 
and  finally  carbon  dioxide.  Chlorinated  solvents  are  generally  used  as  electron 
acceptors  when  aquifer  conditions  are  such  that  sulfate  or  carbon  dioxide  is  the 
preferred  electron  acceptor. 

In  addition  to  being  controlled  by  the  energy  yield  of  the  reaction,  the  expected 
sequence  of  redox  processes  is  also  a  function  of  the  oxidizing  potential  of  the 
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groundwater.  This  potential  is  a  measure  of  the  relative  tendency  of  a  solution  or 
chemical  reaction  to  accept  or  transfer  electrons.  As  each  subsequent  electron  acceptor 
is  utilized,  the  groundwater  becomes  more  reducing,  and  the  ORP  of  the  water 
decreases.  The  main  force  driving  this  change  in  redox  potential  is  microbially 
mediated  redox  reactions.  ORP  can  be  used  as  an  indicator  of  which  redox  reactions 
may  be  operating  at  a  site.  Environmental  conditions  and  microbial  competition 
ultimately  determine  which  processes  will  dominate. 

Depending  on  the  types  and  concentrations  of  electron  acceptors  present  (e.g., 
nitrate,  sulfate,  carbon  dioxide),  pH  conditions,  and  ORP,  anaerobic  biodegradation 
can  occur  by  denitrification,  manganese  reduction,  ferric  iron  reduction,  sulfate 
reduction,  or  methanogenesis.  Other,  less  common  anaerobic  degradation  mechanisms 
such  as  manganese  or  nitrate  reduction  may  dominate  if  the  physical  and  chemical 
conditions  in  the  subsurface  favor  use  of  these  electron  acceptors.  Vroblesky  and 
Chapelle  (1994)  show  that  the  dominant  terminal  electron  accepting  process  can  vary 
both  temporally  and  spatially  in  an  aquifer  with  fuel  hydrocarbon  contamination. 

4.2.2  Biodegradation  of  BTEX 

Numerous  laboratory  and  field  studies  have  shown  that  hydrocarbon-degrading 
bacteria  can  participate  in  the  degradation  of  many  of  the  chemical  components  of  fuel 
hydrocarbons,  including  the  BTEX  compounds  (e.g.,  Jamison  et  al.,  1975;  Atlas, 
1981,  1984,  1988;  Gibson  and  Subramanian,  1984;  Reinhard  et  al.,  1984;  Young, 
1984;  Bartha,  1986;  Wilson  et  al.,  1986,  1987,  and  1990;  Barker  et  al.,  1987; 
Baedecker  et  al.,  1988;  Lee,  1988;  Chiang  et  al.,  1989;  Grbic-Galic,  1989  and  1990; 
Cozzarelli  et  al.,  1990;  Leahy  and  Colewell,  1990;  Altenschmidt  and  Fuchs,  1991; 
Alvarez  and  Vogel,  1991;  Baedecker  and  Cozzarelli,  1991;  Ball  et  al.,  1991;  Bauman, 
1991;  Borden,  1991;  Brown  et  al.,  1991;  Edwards  et  al.,  1991  and  1992;  Evans  et  al., 
1991a  and  1991b;  Haag  et  al.,  1991;  Hutchins  and  Wilson,  1991;  Hutchins  et  al., 
1991a  and  1991b;  Beller  et  al.,  1992;  Bouwer,  1992;  Edwards  and  Grbic-Galic,  1992; 
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Thierrin  et  al.,  1992;  Malone  et  al.,  1993;  Davis  et  al.,  1994).  Fuel  hydrocarbons 
biodegrade  naturally  when  an  indigenous  population  of  hydrocarbon-degrading 
microorganisms  is  present  in  the  aquifer  and  sufficient  concentrations  of  electron 
acceptors  and  nutrients  are  available  to  these  organisms. 

During  biodegradation  of  fuel  hydrocarbons,  the  fuel  compounds  are  used  as 
electron  dononrs.  They  are  the  primary  substrate  (“food”)  for  the  microbes,  while  the 
electron  acceptors  provide  the  oxidant  used  to  reduce  (metabolize)  the  substrate  and 
produce  energy.  In  most  subsurface  environments,  both  aerobic  and  anaerobic 
degradation  of  fuel  hydrocarbons  can  occur,  often  simultaneously  in  different  parts  of 
the  plume.  The  nearly  ubiquitous  nature  of  these  processes  is  well  documeted  (e.g., 
Rice  et  al.,  1995;  Wiedemeier  et  al.,  1995;  Kuehne  and  Busheck,  1996;  and  Mace  et 
al.,  1997).  Aerobic  destruction  of  BTEX  compounds  dissolved  in  groundwater  results 
in  the  consumption  (reduction)  of  DO  and  the  formation  of  carbon  dioxide.  Anaerobic 
destruction  of  the  BTEX  compounds  is  associated  with  the  accumulation  of  fatty  acids, 
production  of  methane,  solubilization  of  iron,  and  reduction  of  nitrate  and  sulfate 
(Cozzarelli  et  al. ,  1990;  Wilson  et  al. ,  1990). 

4.2.3  Biodegradation  of  Chlorinated  Solvents 

Chlorinated  solvents  can  be  transformed,  directly  or  indirectly,  by  biological 
processes  (e.g.,  Bouwer  et  al.,  1981;  Miller  and  Guengerich,  1982;  Wilson  and 
Wilson,  1985;  Nelson  et  al.,  1986;  Bouwer  and  Wright,  1988;  Little  et  al.,  1988; 
Mayer  et  al.,  1988;  Arciero  et  al.,  1989;  Cline  and  Delfino,  1989;  Freedman  and 
Gossett,  1989;  Folsom  et  al.,  1990;  Harker  and  Kim,  1990;  Alvarez-Cohen  and 
McCarty,  1991a,  1991b;  DeStefano  et  al.,  1991;  Henry,  1991;  McCarty  et  al.,  1992; 
Hartmans  and  de  Bont,  1992;  McCarty  and  Semprini,  1994;  Vogel,  1994;  Bradley  and 
Chapelle,  1996;  Klier  et  al.,  1996).  Biodegradation  of  CAHs  results  from  the  same 
general  processes  that  bring  about  biodegradation  of  fuel  hydrocarbons.  However,  a 
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more  complex  series  of  processes  often  is  involved,  and  CAHs  may  act  as  both  a 
substrate  (electron  donor)  and  an  electron  acceptor. 

Whereas  BTEX  are  biodegraded  in  essentially  one  step  by  acting  as  an  electron 
donor/carbon  source,  CAHs  may  undergo  several  types  of  biodegradation  involving 
several  steps.  CAHs  may  undergo  biodegradation  through  three  different  pathways: 
use  as  an  electron  acceptor,  use  as  an  electron  donor,  or  cometabolism,  which  is 
degradation  resulting  from  exposure  to  a  catalytic  enzyme  fortuitously  produced  during 
an  unrelated  process.  At  a  given  site,  one  or  all  of  these  processes  may  be  operating, 
although  at  many  sites  the  use  of  CAHs  as  electron  acceptors  appears  to  be  the  most 
likely. 

In  a  pristine  aquifer,  native  organic  carbon  is  utilized  as  an  electron  donor  and  DO 
is  utilized  first  as  the  prime  electron  acceptor.  Where  anthropogenic  carbon  (e.g.,  fuel 
hydrocarbons  or  less-chlorinated  CAHs)  is  present,  it  also  will  be  utilized  as  an 
electron  donor.  After  the  DO  is  consumed,  anaerobic  microorganisms  typically  use 
native  electron  acceptors  (as  available)  in  the  following  order  of  preference:  nitrate, 
ferric  iron  oxyhydroxide,  sulfate,  and  finally  carbon  dioxide.  Evaluation  of  the 
distribution  of  these  electron  acceptors  can  provide  evidence  of  where  and  how  CAH 
biodegradation  is  occurring.  In  addition,  because  CAHs  may  be  used  as  electron 
acceptors  or  electron  donors  (in  competition  with  other  acceptors  or  donors),  isopleth 
maps  showing  the  distribution  of  these  compounds  will  also  provide  evidence  on  the 
types  of  biodegradation  processes  acting  at  a  site.  A  more  complete  description  of  the 
main  types  of  biodegradation  reactions  affecting  CAHs  dissolved  in  groundwater  is 
presented  in  the  following  subsections. 

4.2.3.1  Electron  Acceptor  Reactions  (Reductive  Dehalogenation) 

Under  anaerobic  conditions,  biodegradation  of  chlorinated  solvents  usually  proceeds 
through  a  process  called  reductive  dehalogenation.  During  this  process,  the 
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halogenated  hydrocarbon  is  used  as  an  electron  acceptor,  not  as  a  source  of  carbon,  and 
a  halogen  atom  is  removed  and  replaced  with  a  hydrogen  atom.  Figure  4.2  illustrates 
the  transformation  of  chlorinated  ethenes  via  reductive  dehalogenation.  In  general, 
reductive  dehalogenation  of  chlorinated  ethenes  occurs  by  sequential  dehalogenation 
from  PCE  to  TCE  to  DCE  to  VC  to  ethene.  Depending  upon  environmental 
conditions,  this  sequence  may  be  interrupted,  with  other  processes  then  acting  upon  the 
products.  During  reductive  dehalogenation,  all  three  isomers  of  DCE  can  theoretically 
be  produced;  however,  Bouwer  (1994)  reports  that  under  the  influence  of 
biodegradation,  m-l,2-DCE  is  a  more  common  intermediate  than  1,2-DCE,  and 
that  1,1 -DCE  is  the  least  prevalent  intermediate  of  the  three  DCE  isomers.  Reductive 
dehalogenation  of  chlorinated  solvent  compounds  is  associated  with  the  accumulation  of 
daughter  products  and  an  increase  in  chloride. 

Reductive  dehalogenation  affects  each  of  the  chlorinated  ethenes  differently.  Of 
these  compounds,  PCE  is  the  most  susceptible  to  reductive  dehalogenation  because  it  is 
the  most  oxidized.  Conversely,  VC  is  the  least  susceptible  to  reductive  dehalogenation 
because  it  is  the  least  oxidized  of  these  compounds.  The  rate  of  reductive 
dehalogenation  also  has  been  observed  to  decrease  as  the  degree  of  chlorination 
decreases  (Vogel  and  McCarty,  1985;  Bouwer,  1994).  Murray  and  Richardson  (1993) 
have  postulated  that  this  rate  decrease  may  explain  the  accumulation  of  VC  in  PCE  and 
TCE  plumes  that  are  undergoing  reductive  dehalogenation. 

In  addition  to  being  affected  by  the  degree  of  chlorination  of  the  CAH,  reductive 
dehalogenation  can  also  be  controlled  by  the  redox  conditions  of  the  site  groundwater 
system.  In  general,  reductive  dehalogenation  has  been  demonstrated  under  anaerobic 
nitrate-  and  sulfate-reducing  conditions,  but  the  most  rapid  biodegradation  rates, 
affecting  the  widest  range  of  CAHs,  occur  under  methanogenic  conditions  (Bouwer, 
1994).  Dehalogenation  of  PCE  and  TCE  to  DCE  can  proceed  under  mildly  reducing 
conditions  such  as  nitrate  reduction  or  iron  (III)  reduction  (Vogel  et  al.,  1987),  while 
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the  transformation  of  DCE  to  VC,  or  the  transformation  from  VC  to  ethene  requires 
more  strongly  reducing  conditions  (Freedman  and  Gossett,  1989;  DeStefano  et  al., 
1991;  De  Bruin  et  al.,  1992). 

Because  CAH  compounds  are  used  as  electron  acceptors,  there  must  be  an 
appropriate  source  of  carbon  for  microbial  growth  in  order  for  reductive 
dehalogenation  to  occur  (Bouwer,  1994).  Potential  carbon  sources  can  include  low- 
molecular-weight  compounds  (e.g.,  lactate,  acetate,  methanol,  or  glucose)  present  in 
natural  organic  matter,  fuel  hydrocarbons,  or  less-chlorinated  solvents  (as  discussed 
below). 

4.2.3.2  Electron  Donor  Reactions 

Under  aerobic  conditions  some  CAH  compounds  can  be  utilized  as  the  primary 
substrate  (i.e.,  electron  donor)  in  biologically  mediated  redox  reactions  (McCarty  and 
Semprini,  1994).  In  this  type  of  reaction,  the  facilitating  microorganism  obtains  energy 
and  organic  carbon  from  the  degraded  CAH.  In  contrast  to  reactions  in  which  the 
CAH  is  used  as  an  electron  acceptor,  only  the  least  oxidized  CAHs  (e.g.,  VC,  DCE,  or 
chlorobenzene)  may  be  utilized  as  electron  donors  in  biologically  mediated  redox 
reactions. 

For  example,  while  Murray  and  Richardson  (1993)  write  that  microorganisms  are 
generally  believed  to  be  incapable  of  growth  using  TCE  and  PCE,  other  less 
chlorinated  CAHs  have  been  shown  to  be  used  as  substrates.  Davis  and  Carpenter 
(1990)  describe  the  aerobic  oxidation  of  VC  in  groundwater.  McCarty  and  Semprini 
(1994)  describe  investigations  in  which  VC  and  1,2-DCA  were  shown  to  serve  as 
primary  substrates.  These  authors  also  document  that  dichloromethane  has  the 
potential  to  function  as  a  primary  substrate  under  either  aerobic  or  anaerobic 
environments.  Klier  et  al.  (1996)  describe  aerobic  mineralization  of  all  three  isomers 
of  DCE.  In  addition,  Bradley  and  Chapelle  (1996)  show  evidence  of  oxidation  of  VC 

4-17 


I:\PROJECTS\722450\CAPEV7.DOC 


DRAFT 


under  iron-reducing  conditions  so  long  as  there  is  sufficient  bioavailable  iron  (III). 
Aerobic  metabolism  of  VC  may  be  characterized  by  a  loss  of  VC  mass,  a  decreasing 
molar  ratio  of  VC  to  other  CAH  compounds,  and  rarely,  the  presence  of 
chloromethane. 

4.2.3.3  Cometabolism 

When  a  CAH  is  biodegraded  through  cometabolism,  it  serves  as  neither  an  electron 
acceptor  nor  a  primary  substrate  in  a  biologically  mediated  redox  reaction.  Instead,  the 
degradation  of  the  CAH  is  catalyzed  by  an  enzyme  or  cofactor  that  is  fortuitously 
produced  by  organisms  for  other  purposes.  The  organism  receives  no  known  benefit 
from  the  degradation  of  the  CAH;  rather  the  cometabolic  degradation  of  the  CAH  may 
in  fact  be  harmful  to  the  microorganism  responsible  for  the  production  of  the  enzyme 
or  cofactor  (McCarty  and  Semprini,  1994). 

Cometabolism  is  best  documented  in  aerobic  environments,  although  it  potentially 
could  occur  under  anaerobic  conditions.  Aerobic  degradation  pathways  for  chlorinated 
ethenes  are  illustrated  in  Figure  4.3.  It  has  been  reported  that  under  aerobic  conditions 
chlorinated  ethenes,  with  the  exception  of  PCE,  are  susceptible  to  cometabolic 
degradation  (Murray  and  Richardson,  1993;  Vogel,  1994;  McCarty  and  Semprini, 
1994).  Vogel  (1994)  further  elaborates  that  the  cometabolism  rate  increases  as  the 
degree  of  dehalogenation  decreases. 

In  the  cometabolic  process,  TCE  is  indirectly  transformed  by  bacteria  as  they  use 
BTEX  or  another  substrate  to  meet  their  energy  requirements.  Therefore,  TCE  does 
not  enhance  the  degradation  of  BTEX  or  other  carbon  sources,  nor  will  its 
cometabolism  interfere  with  the  use  of  electron  acceptors  involved  in  the  oxidation  of 
those  carbon  sources.  Given  this  relationship,  it  would  follow  that  depletion  of  suitable 
substrates  (BTEX  or  other  organic  carbon  sources)  likely  limits  cometabolism  of 
CAHs. 
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4.2.3.4  Behavior  of  Chlorinated  Solvent  Plumes 

Chlorinated  solvent  plumes  can  exhibit  three  types  of  behavior  depending  on  the 
amount  of  solvent,  the  amount  of  organic  (native  and/or  anthropogenic)  carbon  in  the 
aquifer,  the  distribution  and  concentration  of  natural  electron  acceptors,  and  the  types 
of  electron  acceptors  being  utilized.  Individual  plumes  may  exhibit  all  three  types  of 
behavior  in  different  portions  of  the  plume.  The  different  types  of  plume  behavior  are 
summarized  below. 

4. 2. 3. 4.1  Type  1  Behavior 

Type  1  behavior  occurs  where  the  primary  substrate  is  anthropogenic  carbon  (e.g., 
BTEX  or  landfill  leachate),  and  this  anthropogenic  carbon  drives  reductive 
dechlorination.  When  evaluating  natural  attenuation  of  a  plume  exhibiting  type  1 
behavior  the  following  questions  must  be  answered: 

1.  Is  the  electron  donor  supply  adequate  to  allow  microbial  reduction  of  the 
chlorinated  organic  compounds?  In  other  words,  will  the  microorganisms 
“strangle”  before  they  “starve”  [i.e.,  will  they  run  out  of  chlorinated  aliphatic 
hydrocarbons  (electron  acceptors)  before  they  run  out  of  primary  substrate 
(anthropogenic  carbon)]? 

2.  What  is  the  role  of  competing  electron  acceptors  (e.g.,  dissolved  oxygen, 
nitrate,  iron  (III)  and  sulfate)? 

3.  Is  vinyl  chloride  being  oxidized,  or  is  it  being  reduced? 

4.  Type  1  behavior  results  in  the  rapid  and  extensive  degradation  of  the  highly 
chlorinated  solvents  such  as  PCE,  TCE,  or  DCE. 
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4.2. 3.4.2  Type  2  Behavior 

Type  2  behavior  dominates  in  areas  that  are  characterized  by  relatively  high 
concentrations  of  biologically  available  native  organic  carbon.  This  natural  carbon 
source  drives  reductive  dehalogenation  (i.e.,  the  primary  substrate  for  microorganism 
growth  is  native  organic  carbon).  When  evaluating  natural  attenuation  of  a  type  2 
chlorinated  solvent  plume,  the  same  questions  as  those  posed  in  the  description  of  type 
1  behavior  must  be  answered.  Type  2  behavior  generally  results  in  slower 
biodegradation  of  the  highly  chlorinated  solvents  than  Type  1  behavior,  but  under  the 
right  conditions  (e.g.,  areas  with  high  natural  organic  carbon  contents),  this  type  of 
behavior  also  can  result  in  rapid  degradation  of  these  compounds. 

4.2. 3.4.3  Type  3  Behavior 

Type  3  behavior  dominates  in  areas  that  are  characterized  by  low  concentrations  of 
native  and/or  anthropogenic  carbon,  and  concentrations  of  DO  that  are  greater  than 
1.0  mg/L.  Under  these  aerobic  conditions  reductive  dehalogenation  will  not  occur. 
Thus  there  is  little  or  no  removal  of  PCE,  TCE,  and  DCE.  Biodegradation  may 
proceed  via  the  much  slower  process  of  cometabolism,  but  will  be  limited  by  the  low 
concentrations  of  native  or  anthropogenic  carbon.  The  most  significant  natural 
attenuation  mechanisms  for  CAHs  will  be  advection,  dispersion,  and  sorption. 
However,  VC  can  be  rapidly  oxidized  under  these  conditions,  DCE  may  be  oxidized, 
and  cometabolism  may  also  occur. 

4.2. 3. 4.4  Mixed  Behavior 

As  mentioned  above,  a  single  chlorinated  solvent  plume  can  exhibit  all  three  types  of 
behavior  in  different  portions  of  the  plume.  This  can  be  beneficial  for  natural 
biodegradation  of  CAH  plumes.  For  example,  Wiedemeier  et  al.  (1996a)  describe  a 
plume  at  Plattsburgh  AFB,  New  York  that  exhibits  Type  1  behavior  in  the  source  area 
and  Type  3  behavior  downgradient  from  the  source.  The  best  scenario  involves  a 
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plume  in  which  PCE,  TCE,  and  DCE  are  reductively  dehalogenated  (Type  1  or  Type  2 
behavior),  then  VC  is  oxidized  (Type  3  behavior),  either  aerobically  or  via  iron 
reduction.  VC  is  oxidized  to  carbon  dioxide  in  this  type  of  plume  and  does  not 
accumulate.  The  following  sequence  of  reactions  occurs  in  a  plume  that  exhibits  this 
type  of  mixed  behavior: 

PCE  — »  TCE  -»  DCE  -»  VC  — ^Carbon  Dioxide 

In  general,  the  TCE,  DCE,  and  VC  may  attenuate  at  approximately  the  same  rate, 
and  thus  these  reactions  may  be  confused  with  simple  dilution.  Note  that  no  ethene  is 
produced  during  this  reaction.  VC  is  removed  from  the  system  much  faster  under  these 
conditions  than  it  is  under  VC-reducing  conditions. 

A  less  desirable  scenario,  but  one  in  which  all  contaminants  may  be  entirely 
biodegraded,  involves  a  plume  in  which  all  CAHs  are  reductively  dehalogenated  via 
Type  1  or  Type  2  behavior.  VC  is  reduced  to  ethene,  which  may  be  further  reduced  to 
ethane  or  methane.  The  following  sequence  of  reactions  occur  in  this  type  of  plume: 

PCE  -»  TCE  ->  DCE  -»  VC  -»  Ethene  or  Ethane 

This  sequence  has  been  investigated  by  Freedman  and  Gossett  (1989).  In  this  type 
of  plume,  VC  degrades  more  slowly  than  TCE,  and  thus  tends  to  accumulate. 

4.3  DISTRIBUTION  OF  CAHS  AND  DAUGHTER  PRODUCTS 

One  of  the  most  straightforward  methods  for  evaluating  the  occurrence  and  method 
of  biodegradation  of  CAHs  is  to  look  at  the  distribution  of  target  CAHs  and  the 
products  of  biodegradation  of  those  compounds.  At  the  same  time,  it  is  also  useful  to 
look  at  the  distribution  of  other  contaminants  that  may  be  acting  as  sources  of  electron 
donors  (e.g.,  BTEX). 
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Because  reductive  dehalogenation  is  the  most  common  biodegradation  reaction,  a 
typical  pattern  (e.g.,  as  presented  by  Vogel,  1994)  would  have  TCE  (and/or  PCE) 
concentrations  highest  in  the  source  area,  with  elevated  DCE  concentrations  (consisting 
mostly  of  cw-l,2-DCE)  in  and  just  downgradient  from  the  source  area.  Vinyl  chloride 
concentrations  could  be  present  along  the  entire  plume  length,  with  the  highest  VC 
concentrations  likely  to  be  found  near  the  downgradient  end  of  the  CAH  plume.  If  VC 
is  also  being  reductively  dehalogenated,  dissolved  ethene  will  also  be  present 
downgradient  of  the  source  area,  in  the  vicinity  of  the  highest  concentrations  of  VC. 
A  similar  pattern  is  observed  at  CCFTA-2  (FT-17).  The  specific  site  data  are 
discussed  in  the  following  subsections. 

4.3.1  Trichloroethene  and  Tetrachloroethene 

As  measured  in  January  1996,  TCE  concentrations  detected  in  groundwater  at 
CCFTA-2  (FT-17)  ranged  from  15,800  micrograms  per  liter  (pg/L)  at  CCFTA2-9S  to 
less  than  1  pg/L  at  several  locations.  Table  4.4  presents  the  results  of  CAH  analyses 
for  groundwater  and  surface  water  samples  collected  in  1994  and  1996.  Figure  4.4 
shows  the  configuration  of  the  TCE  plume  as  determined  from  January  1996  data 
(supplemented  with  March  1994  data)  from  shallow  wells  (wells  screened  across  or  just 
below  the  water  table).  As  discussed  in  Section  4.1,  the  main  source  of  TCE  is  the 
mobile  LNAPL  body  in  the  vicinity  of  CCFTA2-9.  From  there,  the  plume  extends  to 
the  west,  then  curves  southwest  toward  the  canal.  This  is  consistent  with  the 
groundwater  flow  patterns  shown  on  Figure  3.5. 

PCE  was  detected  in  only  nine  shallow  wells  at  the  site,  and  in  seven  of  those  wells 
the  concentration  was  less  than  1  pg/L.  At  MP2,  the  PCE  concentration  was  2.3  pg/L, 
and  at  CCFTA2-9S,  the  concentration  was  56  pg/L  (Table  4.4). 
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TABLE  4.4  (concluded) 

ALIPHATIC  HYDROCARBONS  IN  GROUNDWATER 

CCFTA-2  (FT-17)  RN  A  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 
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4.3.2  Dichloroethene 

As  measured  in  January  1996,  the  cis-l,2-DCE  concentrations  detected  in  site 
groundwater  ranged  from  1.0  to  98,500  pg/L  (Table  4.4).  The  cis-l,2-DCE  plume 
shown  on  Figure  4.4  is  similar  in  shape  and  distribution  to  that  of  the  TCE  plume,  with 
the  areas  of  highest  cis-l,2-DCE  concentrations  roughly  coinciding  with  the  area  of  the 
highest  TCE  concentrations.  This  trend  is  what  would  be  expected  if  TCE  is  being 
degraded  to  DCE  via  reductive  dehalogenation.  As  noted  before,  under  the  influence 
of  biodegradation,  as-l,2-DCE  is  a  more  common  daughter  product  than  the  other 
DCE  isomers.  In  general,  cis-  1,2-DCE  concentrations  at  the  site  are  about  5  to  400 
times  greater  than  the  concentrations  of  trans-  1,2-DCE  and  1,1-DCE,  and  at  only  three 
locations  are  these  ratios  less  than  20:1.  Therefore,  the  distribution  of  cis-  1,2-DCE  at 
the  site  is  a  good  indicator  that  the  inital  step  of  reductive  dehalogenation  of  TCE  is 
taking  place  in  groundwater  at  CCFTA-2  (FT-17). 

Some  cis-  1,2-DCE  was  detected  in  the  mobile  LNAPL  sample  collected  from 
CCFTA2-9S  in  March  1994  (Table  4.2)  and  may  be  entering  groundwater  from  the 
LNAPL  body.  However,  comparison  of  the  ratios  of  TCE  to  cis-  1,2-DCE  in  the 
LNAPL  to  those  observed  in  the  groundwater  is  another  means  of  assessing  if  the 
observed  cis- 1,2-DCE  concentrations  are  largely  a  result  of  biodegradation.  As 
observed  in  the  LNAPL  sample  collected  from  CCFTA2-9S  in  March  1994,  the  ratio  if 
TCE  to  cis- 1,2-DCE  was  about  4.8:1.  In  nearly  all  of  the  groundwater  samples,  this 
ratio  was  below  0.4:1,  with  an  average  of  0.35:1.  Thus,  although  cis-  1,2-DCE  is 
about  three  times  more  soluble  than  TCE  and  could  be  expected  to  produce  a  dissolved 
ratio  of  about  1.6:1  were  it  partitioning  from  the  LNAPL,  the  lower  observed  ratio  in 
groundwater  is  another  indication  that  additional  cis- 1,2-DCE  is  being  produced 
through  reductive  dehalogenation  of  TCE. 
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4.3.3  Vinyl  Chloride 

The  distribution  of  VC  in  site  groundwater  is  shown  on  Figure  4.4.  VC 

concentrations  detected  at  the  site  range  from  1.1  to  6,520  pg/L  (Table  4.4).  The  VC 

plume  approximates  the  shape  of  the  TCE  and  DCE  plumes.  However,  the  zone  of  the 

highest  VC  concentrations  extends  further  downgradient  than  the  zones  of  the  highest 

TCE  and  DCE  concentrations.  In  fact,  the  highest  VC  concentration  detected  in 

January  1996  was  detected  at  well  CCFTA2-14,  near  the  canal  into  which  shallow 

groundwater  is  discharging.  This  is  consistent  with  the  reductive  dehalogenation  of 

DCE.  The  highest  VC  concentrations  are  found  downgradient  from  the  source  area 

* 

because  the  transformation  of  DCE  to  VC  occurs  more  slowly  than  the  transformation 
of  TCE  to  DCE,  and  because  VC  is  less  likely  to  sorb  than  DCE.  As  noted 
previously,  the  rate  of  reductive  dechlorination  decreases  as  the  number  of  chlorine 
atoms  in  the  molecules  decreases. 

4.3.4  Ethene 

Ethene  is  the  final  product  in  the  series  of  reductive  dehalogenation  reactions 
involving  chlorinated  ethenes.  Ethene  was  detected  in  site  groundwater  at 
concentrations  ranging  from  <3  pg/L  to  225  pg/L  (Table  4.4).  Ethene  was  detected 
in  a  slightly  smaller  area  than  the  CAHs  (Figure  4.4),  and  like  VC,  the  highest 
observed  concentrations  were  present  downgradient  from  the  source  area,  at  monitoring 
point  MP2  and  well  CCFTA2-14.  This  implies  that  some  of  the  VC  dissolved  in 
groundwater  is  undergoing  reductive  dehalogenation.  The  reaction  that  produces 
ethene  from  VC  is  the  slowest  of  the  series  of  reductive  dehalogenation  reactions 
involving  chlorinated  ethenes,  accounting  for  the  low  concentrations  of  ethene  relative 
to  VC  and  the  other  CAHs. 
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4.3.5  Other  CAHs 

Other  CAHs  detected  in  the  January  1996  shallow  groundwater  samples  include  1,1- 
DCA  and  1,1,1-TCA.  TCA  was  detected  in  only  two  shallow  wells  (CCFTA2-9S  and 
CCFTA2-3),  while  DCA  was  detected  in  14  shallow  wells.  Concentrations  of  these 
compounds  ranged  from  <  1  pg/L  to  443  pg/L  (Table  4.4),  with  the  highest 
concentrations  observed  in  the  source  area  at  CCFTA2-9S,  generally  within  the  center 
of  the  area  of  the  other  CAH  plumes.  At  this  well,  the  DCA  concentration  was  higher 
than  the  TCA  concentration.  These  patterns  suggest  that  TCA  (which  may  have  been 
an  impurity  in  the  source  TCE)  has  undergone  reductive  dechlorination  to  DCA.  DCA 
is  an  intermediate  product  of  the  reductive  dehalogenation  of  TCA,  with  chloroethane 
and/or  ethane  the  ultimate  end  products  of  this  series  of  reactions  (Bouwer,  1994). 

4.3.6  CAHs  in  Deep  Wells 

CAHs  were  also  detected  in  deep  wells  at  the  site.  For  this  discussion,  the  term 
“deep  wells”  refers  to  those  wells  where  the  top  of  the  well  screen  is  at  least  20  feet 
below  the  water  table.  The  distribution  of  TCE,  cis-  1,2-DCE,  and  VC  in  deep  wells  is 
shown  on  Figure  4.5.  Consistent  with  the  observed  vertical  flow  patterns  (i.e.,  upward 
gradients),  CAH  concentrations  detected  in  deep  wells  were  much  lower  than  those 
detected  in  shallow  wells  at  the  same  locations  (Table  4.4).  TCE  was  detected  in  two 
deep  samples  collected  in  1996,  and  in  one  deep  sample  collected  in  1994,  with  these 
sample  locations  roughly  along  the  centerline  of  the  shallow  plume.  Concentrations  in 
these  samples  ranged  from  1.7  pg/L  to  6.7  pg/L.  cw- 1,2-DCE  was  detected  in  five 
samples  collected  in  1996  and  in  one  sample  collected  in  1994,  with  concentrations 
ranging  from  1.2  pg/L  to  37  pg/L  in  the  1996  samples,  and  at  a  concentration  of  448 
pg/L  in  the  1994  sample.  DCE  was  detected  across  a  greater  area  of  the  site  than  the 
other  compounds,  including  as  far  downgradient  as  MP-4D  (adjacent  to  the  canal).  VC 
concentrations  ranging  from  <1  pg/L  to  10  pg/L  were  detected  in  four  samples 
collected  in  1996  and  one  sample  collected  in  1994.  As  in  the  shallow  portion  of  the 
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aquifer,  VC  is  present  in  the  area  downgradient  from  the  site,  with  the  highest 
concentration  detected  near  the  canal. 

4.3.7  CAHs  in  Surface  Water 

One  surface  water  sample  was  collected  in  January  1996,  and  three  samples  were 
collected  in  March  1994.  Analytical  results  for  these  samples  are  included  in  Table 
4.4.  The  1996  sample  (SW4)  was  collected  from  the  canal  immediately  adjacent  to 
monitoring  point  MP4,  and  analyzed  for  CAH  concentrations.  VC  was  detected  at  a 
concentration  of  20.1  pg/L,  and  cw-DCE  was  detected  at  a  concentration  of  9.5  pg/L. 
Also  detected  were  trans-1 ,2-DCE  and  TCE,  but  the  concentrations  were  below  the 
quantification  limit  of  1  pg/L.  In  1994,  three  surface  water  water  samples  were 
collected.  One  (SW1)  was  slightly  upstream  from  the  site,  one  (SW2)  was  from  the 
same  vicinity  as  SW4,  and  one  (SW3)  was  collected  downstream  from  the  site.  Samp’.' 
SW1  contained  4.3  pg/L  of  VC  and  15.8  pg/L  of  cw-l,2-DCE.  SW2  contained 

24.4  pg/L  of  VC,  1  pg/L  of  frans-l  ,2-DCE,  and  16.7  pg/L  of  cw-l,2-DCE.  SW3 
contained  12.5  pg/L  of  VC  and  14.8  pg/L  of  os-1 ,2-DCE  (Table  4.4). 

4.4  ADDITIONAL  EVIDENCE  OF  CAH  AND  BTEX  BIODEGRADATION 

In  addition  to  the  distribution  of  TCE  and  its  daughter  products,  other  evidence  can 
be  used  to  support  the  interpretation  that  biodegradation  of  CAHs  is  ongoing  at 
CCFTA-2  (FT-17).  As  noted  in  Section  4.2,  comparing  concentrations  and 
distributions  of  electron  donors,  electron  acceptors,  and  byproducts  of  microbially 
mediated  reactions  can  help  indicate  what  types  of  processes  are  operating  at  a  site.  In 
addition,  other  geochemical  parameters,  including  ORP,  alkalinity,  and  other  changes 
in  groundwater  chemistry  can  also  provide  supporting  evidence.  Other  data,  such  as 
volatile  fatty  acid  concentrations,  also  can  be  useful  for  interpreting  and  confirming 
CAH  biodegradation  mechanisms. 
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4.4.1  Additional  Indicators  of  Dehalogenation 

4.4.1. 1  Chloride 

Chlorine  is  removed  from  CAHs  during  reductive  dehalogenation  and  enters 
solution.  Therefore,  chloride  concentrations  in  groundwater  should  increase  above 
background  levels  in  areas  where  reductive  dehalogenation  is  taking  place.  Chloride 
concentrations  are  presented  in  Table  4.5,  and  Figure  4.6  shows  the  distribution  of 
chloride  in  shallow  groundwater  at  the  site  (chloride  concentrations  are  naturally  higher 
in  deeper  groundwater,  which  is  slightly  saline).  Background  chloride  concentrations 
in  shallow  site  groundwater  range  from  about  5  milligrams  per  liter  (mg/L)  to  about  25 
mg/L,  while  chloride  concentrations  within  the  boundaries  of  the  CAH  plumes  are 
elevated  above  background,  with  a  maximum  concentration  of  373  mg/L. 

In  the  vicinity  of  the  CAH  source  area,  chloride  concentrations  are  68.8  mg/L  at 
CCFTA2-9S  and  87.7  mg/L  at  CCFTA2-2.  At  CCFTA2-3  and  CCFTA2-5,  chloride 
concentrations  are  373  and  213  mg/L,  respectively;  however,  because  these  wells  have 
20-foot  screens,  it  is  possible  some  chloride  is  introduced  from  the  deeper  part  of  the 
shallow  aquifer.  Further  downgradient,  towards  the  canal,  chloride  concentrations 
range  from  105  mg/L  (at  CCFTA2-14)  to  185  mg/L  (at  MP4S).  In  the  area  of  MP2, 
MP3,  and  CPT4,  chloride  concentrations  are  lower,  but  still  elevated  above 
background,  ranging  from  27.6  to  35.5  mg/L. 

In  conjunction  with  the  distributions  of  CAHs  and  ethene  shown  on  Figure  4.4,  the 
elevated  chloride  concentrations  observed  at  CCFTA-2  (FT- 17)  are  a  strong  indication 
that  CAHs  are  undergoing  microbially  mediated  reductive  dehalogenation.  Additional 
geochemical  data  discussed  in  Sections  4.4.2  and  4.4.3  further  support  this  evidence 
and  more  specifically  indicate  the  processes  operating  at  the  site. 
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4.4. 1.2  CAH  Ratios 

Another  indicator  of  ongoing  dehalogenation  is  provided  by  comparing  the 
concentrations  of  cw-l,2-DCE  and  trans-l,2-DCE.  Because  m- 1,2-DCE  is 
preferentially  produced  by  microbial  reductive  dehalogenation,  the  ratio  of  a's-1,2- 
DCE  to  trans-l,2-DCE  should  be  relatively  high,  especially  in  the  areas  where  TCE  is 
being  transformed  (e.g.,  near  or  just  downgradient  of  the  TCE  source).  As  shown  on 
Figure  4.6,  this  ratio  is  highest  (about  250)  in  the  vicinity  of  the  source  area  at 
CCFTA-2  (FT-17).  This  is  a  strong  indication  that  TCE  is  being  reductively 
dehalogenated,  because  much  more  ds-l,2-DCE  is  present  relative  to  trans-  1,2-DCE. 

When  the  ratio  of  ris- 1,2-DCE  to  1,2-DCE  is  plotted  for  all  wells  where  both 
compounds  were  detected,  the  contours  mimic  those  of  the  other  CAHs,  with  a 
decrease  in  the  ratio  downgradient  from  the  source.  Because  there  already  is  evidence 
that  VC  is  being  produce  by  reductive  dehalogenation  of  DCE,  this  trend  suggests  that 
in  addition  to  being  preferentially  produced  through  microbially  mediated  reductive 
dehalogenation,  cis-  1,2-DCE  also  may  be  preferentially  utilized  as  an  electron  acceptor 
relative  to  trans-  1,2-DCE.  This  is  consistent  with  evidence  that  different  DCE  isomers 
will  biodegrade  at  different  rates  depending  upon  the  molecular  structure  and  the  types 
of  organisms  or  substrates  that  are  involved  (Janssen  et  al.,  1988;  Semprini  et  al., 
1990;  Hopkins  et  al.,  1993;  Malachowsky  et  al.,  1994). 

4.4.2  Electron  Donors,  Additional  Electron  Acceptors,  and  Byproducts 

When  investigating  the  biodegradation  of  CAHs,  it  is  also  necessary  to  look  at  the 
distribution  of  other  compounds  that  are  used  in  the  microbially  mediated  reactions  that 
facilitate  CAH  degradation.  The  distribution  of  potential  electron  donors,  including 
BTEX  compounds  and  dissolved  native  organic  carbon,  is  useful  for  evaluating  the 
feasibility  of  reductive  dehalogenation  or  cometabolism  (i.e.,  CAH  degradation 
reactions  involving  another  substrate).  Moreover,  electron  acceptor  and  metabolic 
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byproduct  data  will  further  indicate  what  processes  may  be  facilitating  CAH 
degradation. 

4.4.2. 1  BTEX  in  Groundwater 

BTEX  compounds  are  typically  considered  solely  as  contaminants.  However,  for 
the  purposes  of  this  discussion,  BTEX  are  viewed  differently  because  the  focus  of  this 
work  is  on  natural  attenuation  of  the  CAHs.  The  presence  of  BTEX  in  the  same  area 
as  the  CAH  plume  creates  favorable  conditions  for  reductive  dehalogenation,  because 
the  BTEX  provide  a  source  of  electron  donors  and  facilitate  microbial  reactions  that 
drive  down  the  local  groundwater  ORP.  Given  these  conditions,  BTEX  in  site 
groundwater  is  considered  as  a  factor  in  the  biodegradation  of  CAHs.  In  addition, 
BTEX  concentrations  are  much  lower  than  CAH  concentrations,  and  the  extent  and 
concentrations  of  the  BTEX  plume  are  such  that  detectable  concentrations  of  these 
compounds  do  not  appear  to  have  reached  the  canal. 

Experience  implementing  the  AFCEE  Technical  Protocol  for  Implementing  Intrinsic 
Remediation  with  Long-Term  Monitoring  for  Natural  Attenuation  of  Fuel 
Contamination  Dissolved  in  Groundwater  (Wiedemeier  et  al.,  1995)  at  nearly  40 
locations  at  Air  Force  Bases  nationwide  suggests  that  biodegradation  of  fuel 
hydrocarbons  is  essentially  ubiquitous  for  a  wide  range  of  hydrogeologic  settings. 
Also,  data  presented  by  Lawrence  Livermore  National  Laboratories  (LLNL)  indicates 
that  for  over  1,000  sites  with  fuel  hydrocarbon  releases,  33  percent  of  the  plumes  were 
shrinking,  59  percent  were  stable,  and  8  percent  were  expanding,  with  most  plumes 
less  than  250  feet  long  (Rice  et  al.,  1995).  Unpublished  data  provided  by  Kuehne  and 
Buscheck  (1996)  indicate  similar  trends,  with  52  percent  of  plumes  contracting,  35 
percent  stable,  and  92  percent  of  the  plumes  being  less  than  200  feet  long.  Mace  et  al. 
(1997)  present  similar  evidence  for  more  than  600  sites  in  Texas.  Therefore,  a 
thorough  demonstration  of  BTEX  biodegradation  and  attenuation  is  less  important 
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relative  to  the  need  to  demonstrate  the  use  of  RNA  to  address  CAHs  dissolved  in 
groundwater  at  CCFTA-2  (FT-17). 

The  distribution  of  BTEX  measured  in  groundwater  at  CCFTA-2  (FT-17)  in  January 
1996  is  shown  on  Figure  4.7,  and  Table  4.6  summarizes  detected  petroleum 
hydrocarbon  data  from  that  sampling  event.  Where  detected,  total  BTEX 
concentrations  range  from  <1  pg/L  to  331  pg/L.  The  highest  concentration  was 
detected  in  monitoring  well  CCFTA2-9S,  in  the  immediate  vicinity  of  the  LNAPL  body 
that  is  the  source  for  the  CAH  plume.  Groundwater  beneath  the  LNAPL  body  in  the 
vicinity  of  CCFTA2-6  contains  no  BTEX,  except  in  the  area  of  the  bum  pit. 
Groundwater  in  contact  with  fresh  JP-4  fuel  could  contain  up  to  30  mg/L  (30,000 
pg/L)  of  total  BTEX  (Smith  et  al.,  1981),  and  groundwater  in  contact  with  fresh 
gasoline  could  contain  up  to  132  mg/L  of  BTEX  (American  Petroleum  Institute,  1985; 
Cline  et  al.,  1991).  These  data  imply  that  the  mobile  LNAPL  in  the  subsurface  at 
CCFTA-2  (FT-17)  is  severely  weathered. 

Weathering  of  the  LNAPL  includes  dissolution  into  groundwater;  however,  the  low 
dissolved  BTEX  concentrations  indicate  that  a  significant  mass  of  BTEX  (and  other 
petroleum  hydrocarbons)  has  been  removed  from  groundwater.  The  relatively  low 
BTEX  concentrations  present  at  the  site,  in  conjunction  with  electron  acceptor  and 
biodegradation  byproduct  data  (discussed  in  following  subsections),  indicate  that 
biodegradation  has  contributed  to  removal  of  petroleum  hydrocarbon  mass.  Although 
this  discussion  focuses  on  BTEX,  other  petroleum  hydrocarbons  (e.g.,  naphthalene) 
also  will  dissolve  into  groundwater  and  undergo  biodegradation. 

Neither  BTEX  nor  petroleum  hydrocarbons  were  detected  in  surface  water  in  1996. 
Nor  did  OBG  (1995a,  1995b)  report  detections  of  these  compounds  in  their  1994 
surface  water  samples.  BTEX  therefore  are  attenuating  (largely  due  to  biodegradation) 
fast  enough  that  groundwater  concentrations  remain  low,  and  surface  water  is  not 
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TABLE  4.6 

PETROLEUM  HYDROCARBONS  DETECTED  IN  GROUNDWATER 
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impacted.  This  evidence,  coupled  with  evidence  of  the  weathering  of  the  source, 
provided  the  basis  for  not  addressing  natural  attenuation  of  BTEX  in  the  same  detail  as 
CAHs. 

The  CAH  and  daughter  product  data  presented  in  Sections  4.3  and  4.4.1  implied  the 
occurrence  of  anaerobic  reductive  dehalogenation.  The  presence  of  petroleum 
hydrocarbons  dissolved  in  groundwater  is  important  because  the  biodegradation  of 
those  compounds  helps  create  reducing  conditions  that  favor  dehalogenation.  In 
addition,  the  petroleum  compounds  provide  a  source  of  electron  donors  and  carbon 
(i.e.,  a  substrate)  for  the  microbial  population,  supplementing  native  organic  carbon 
already  present  in  the  shallow  aquifer. 

4.4.2.2  Organic  Carbon  in  Groundwater 

Dissolved  native  organic  carbon  also  can  act  as  a  source  of  electron  donors  during 
the  reductive  dehalogenation  of  CAHs.  Dissolved  TOC  concentrations  can  be  used  as 
an  indicator  of  the  presence  of  such  native  carbon  compounds  in  wells  outside  of  the 
area  containing  dissolved  contamination  (anthropogenic  organic  compounds,  such  as 
CAHs  or  petroleum  hydrocarbons,  also  are  measured  by  the  TOC  analytical  method). 

TOC  dissolved  in  groundwater  was  measured  in  samples  collected  in  January  1996. 
These  concentrations  are  presented  in  Table  4.7.  Dissolved  TOC  concentrations  in 
shallow  groundwater  at  CCFTA-2  (FT-17)  range  from  1.1  mg/L  to  90.3  mg/L.  In 
general,  dissolved  TOC  concentrations  are  elevated  in  wells  in  which  BTEX  and/or 
CAHs  were  detected.  In  the  vicinity  of  CCFTA2-9  and  the  former  bum  pit  (i.e.,  the 
contaminant  source  areas),  dissolved  TOC  concentrations  are  25  to  90  mg/L  greater 
than  background  concentrations.  Elsewhere,  TOC  concentrations  are  generally  less 
than  15  mg/L.  The  significantly  elevated  dissolved  TOC  concentrations  likely 
represent  source  contaminants  (e.g.,  PCE,  TCE,  and  BTEX),  organic  compounds  that 
are  intermediate  byproducts  of  biodegradation,  and  non-BTEX  petroleum  hydrocarbons 
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TABLE  4.7 

TOTAL  ORGANIC  CARBON  IN  GROUNDWATER 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 
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7.3 

CPT-6 

1/25/96 

5.6 

CPT-6 

3/30/94 

5.7 

CPT-7 

1/25/96 

2.5 

CPT-7 

3/30/94 

4.1 

CPT-8 

1/25/96 

9.2 

CPT-8 

3/30/94 

8.7 

CPT-9 

3/30/94 

6.9 

cpf-io 

3/30/94 

6.9 

CCFTA2-1 

1/26/96 

3.4 

CCFTA2-1 

3/28/94 

7.3 

CCFTA2-2 

1/26/96 

30.6 

CCFTA2-2 

3/28/94 

17.9 

CCFTA2-3 

1/26/96 

12.8 

CCFTA2-3 

3/28/94 

7.3 

CCFTA2-4 

1/25/96 

7.1 

CCFTA2-4 

|  3/28/94 

5.9 

CCFTA2-5 

1/26/96 

12.2 

CCFTA2-5 

3/28/94 

8.7 

CCFTA2-6 

1/25/96 

96.6 

CCFTA2-6 

3/28/94 

23.3 

CCFTA2-7S 

1/25/96 

5.9 

CCFTA2-7S 

3/27/94 

9.5 

CCFTA2-7D 

1/25/96 

5 

CCFTA2-7D 

3/28/94 

5.1 

CCFTA2-8S 

1/25/96 

2.7 

CCFTA2-8D 

1/25/96 

2.5 

CCFTA2-9S 

1/25/96 

40.6 

CCFTA2-9S 

3/28/94 

23.3 

CCFTA2-9D 

1/25/96 

3.5 

CCFTA2-9D 

3/28/94 

3.9 

CCFTA2-10 

1/25/96 

6 

CCFTA2-11 

1/25/96 

3.4 

CCFTA2-12 

1/26/96 

4.8 

CCFTA2-13S 

1/24/96 

55.8 

CCFTA2-13S 

3/27/94 

3 

CCFTA2-13D 

1/24/96 

4.2 

CCFTA2-13D 

3/28/94 

5.2 

CCFTA2-14 

1/25/96 

14.5 

CCFTA2-14 

3/27/94 

9.3 

CCFTA2-15 

1/24/96 

6.3 

CCFTA2-15 

3/28/94 

4.5 

CCFTA2-16S 

1/25/96 

19.9 

CCFTA2-16D 

1/25/96 

4 

CCFTA2-17 

3/27/94 

8.1 

CCFTA2-18 

1/26/96 

90.3 

CCFTA2-19S 

1/26/96 

18.2 

CCFTA2-19I 

1/26/96 

4.1 

CCFTA2-19D 

1/26/96 

5.6 

CCFTA2-20S 

1/25/96 

11.8 

CCFTA2-201 

1/25/96 

4.8 

CCFTA2-20D 

1/25/96 

7 

CCFTA2-21S 

1/24/96 

4 

CCFTA2-21I 

1/24/96 

3.2 

CCFTA2-2 1 D 

1/24/96 

5.1 
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that  have  entered  groundwater  from  the  mobile  LNAPL  bodies,  as  well  as  the  native 
TOC. 

Background  concentations  at  upgradient  and  crossgradient  wells  ranged  from  1.1 
mg/L  to  6.3  mg/L,  with  an  anomalous  value  of  19.9  mg/L  measured  at  CCFTA2-16S 
(Table  4.7).  Dissolved  TOC  concentrations  in  deep  wells  (which  contain  only  low 
contaminant  concentrations)  range  from  2.5  mg/L  to  12.4  mg/L.  These  background 
concentrations  of  dissolved  TOC  are  noteworthy  because  they  represent  additional 
organic  matter  that  is  available  for  use  as  a  substrate  in  biodegradation  reactions.  The 
background  concentrations  likely  represent  compounds  dissolved  from  peat  units  and 
dispersed  organic  matter  throughout  the  aquifer.  In  addition  to  the  soil  TOC  (Table 
4.3),  this  native  carbon  source  should  provide  a  continuing  source  of  electron  donors  to 
be  used  in  microbial  redox  reactions.  As  discussed  in  Section  4.4.2. 3,  other 
geochemical  evidence  indicates  that  microbial  consumption  of  the  native  carbon  is 
occuring  within  the  CAH  plume  at  CCFTA-2  (FT- 17)  as  well  as  outside  and  upgradient 
from  it. 

4.4.2. 3  Inorganic  Chemistry 

An  interpretation  of  inorganic  groundwater  geochemistry,  including  isopleth  maps 
for  typical  electron  acceptors,  can  provide  information  regarding  the  relative 
importance  of  various  biodegradation  mechanisms  and  whether  the  conditions  at  the  site 
are  favorable  for  reductive  dehalogenation  of  CAHs.  Numerous  geochemical 
parameters  were  evaluated  in  site  groundwater  samples.  Results  for  geochemical 
parameters  measured  in  site  samples  are  presented  in  Table  4.5.  The  following 
paragraphs  discuss  those  parameters  that  are  most  useful  in  the  evaluation  of  site 
biodegradation  processes. 
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4.4. 2. 3.1  Dissolved  Oxygen 

DO  concentrations  were  measured  at  monitoring  wells  and  points  during  the 
January  1996  sampling  event.  Concentrations  ranged  from  0.1  to  1.2  mg/L,  except  for 
concentrations  of  about  2.4  mg/L  measured  at  CCFTA2-4  and  CCFTA2-21S.  Given 
the  low  DO  concentrations  measured  across  the  site,  the  latter  two  measurements 
appear  anomalous,  but  there  is  no  evidence  of  meter  malfunctions  noted  in  the  sampling 
records.  Table  4.5  summarizes  measured  DO  concentrations.  Figure  4.7  illustrates 
DO  concentrations  at  the  site.  The  low  concentrations  of  oxygen  in  the  plume  area 
relative  to  upgradient  and  crossgradient  concentrations  is  a  strong  indication  of 
biological  activity  in  the  plume  area.  DO  concentrations  in  the  deeper  monitoring 
points  ranged  from  0.08  to  1.66  mg/L. 

Because  DO  is  recharged  in  the  shallow  groundwater  through  rainwater  infiltration, 
it  might  be  expected  that  DO  concentrations  in  shallow  groundwater  upgradient  of  the 
CAH  plume  would  contain  DO  concentrations  near  equilibrium  with  atmospheric 
oxygen.  At  groundwater  temperatures  between  19.9  degrees  Celsius  (°C)  and  24.9°C 
(as  observed  at  the  site),  DO  concentrations  would  be  expected  to  be  in  the  range  of 
about  8.2  mg/L  to  about  9.1  mg/L,  or  slightly  lower,  depending  on  the  salinity  of  the 
water  (Colt,  1984).  The  low  upgradient  and  crossgradient  DO  concentrations  observed 
at  the  site  suggest  that  DO  is  naturally  being  consumed  in  this  area,  most  likely  as 
microbes  use  native  organic  carbon  as  a  substrate.  Further  depletion  of  DO  within  the 
BTEX  and  CAH  plumes  at  CCFTA-2  (FT-17)  indicates  that  additional  microbial 
activity  stimulated  by  the  presence  of  petroleum  hydrocarbons  is  consuming  additional 
DO. 

4.4. 2. 3.2  Nitrate/Nitrite 

Concentrations  of  nitrate/nitrite  [as  nitrogen  (N)]  were  measured  in  groundwater 
samples  collected  in  January  1996.  Table  4.5  summarizes  measured  nitrate/nitrite  (as 
N)  concentrations.  The  maximum  detected  nitrate/nitrite  (as  N)  concentration  was 
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0.15  mg/L.  The  low  observed  nitrate  concentrations  indicate  that  insufficient  nitrate  is 
available  for  significant  use  as  an  electron  acceptor  during  anaerobic  biodegradation 
reactions. 

4. 4. 2. 3. 3  Ferrous  Iron 

Ferrous  iron  [iron  (II)]  concentrations  were  measured  in  groundwater  samples 
collected  in  January  1996.  Table  4.5  summarizes  ferrous  iron  concentrations. 
Measured  ferrous  iron  concentrations  range  from  0.1  mg/L  to  10.3  mg/L.  Figure  4.7 
shows  the  areal  extent  of  ferrous  iron  in  groundwater.  Elevated  ferrous  iron 
concentrations  coincide  with  the  CAH  and  BTEX  plumes.  This  suggests  that  ferric 
iron  [iron  (III)]  hydroxide  is  being  reduced  to  ferrous  iron  (Fe2+)  during  biodegradation 
of  native  organic  carbons  and  BTEX  compounds.  Background  levels  of  ferrous  iron 
appear  to  range  from  below  detection  limits  (0.05  mg/L)  to  about  0.7  mg/L,  as 
measured  at  upgradient  and  crossgradient  wells.  Despite  the  absence  of  BTEX,  slightly 
elevated  ferrous  iron  concentrations  were  detected  northeast  of  the  source  area  at 
monitoring  wells  CCFTA2-10,  CCFTA2-11,  and  CCFTA2-12,  as  well  as  at  monitoring 
point  MP-1S.  The  presence  of  ferrous  iron  in  these  locations  further  suggests  that 
native  organic  material  is  available  for  biodegradation  through  iron  reduction. 

Recent  evidence  suggests  that  the  reduction  of  ferric  iron  to  ferrous  iron  cannot 
proceed  at  all  without  microbial  mediation  (Lovley  and  Phillips,  1988;  Lovley  et  al., 
1991;  Chapelle,  1993).  None  of  the  common  organic  compounds  found  in  low- 
temperature  (i.e.,  non-hydrothermal),  neutral,  reducing  groundwater  could  reduce 
ferric  oxyhydroxides  to  ferrous  iron  under  sterile  laboratory  conditions  (Lovley  et  al., 
1991).  This  means  that  the  reduction  of  ferric  iron  requires  microbial  mediation  by 
microorganisms  with  the  appropriate  enzymatic  capabilities.  Because  the  reduction  of 
ferric  iron  cannot  proceed  without  microbial  intervention,  the  elevated  concentrations 
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of  ferrous  iron  that  were  measured  in  the  contaminated  groundwater  at  the  site  are  very 
strong  indicators  of  microbial  activity. 

4. 4. 2. 3.4  Sulfate 

Sulfate  concentrations  were  measured  in  groundwater  samples  collected  in 
January  1996.  Sulfate  concentrations  in  shallow  groundwater  at  the  site  ranged  from 
7.85  mg/L  to  842  mg/L  (Table  4.5).  At  the  site,  20  of  30  shallow  groundwater 
samples  contained  sulfate  concentrations  below  100  mg/L,  with  a  concentration  of  842 
mg/L  detected  at  CCFTA2-19S,  near  the  Banana  River  (a  saline  water  body).  In 
groundwater  samples  from  deep  wells,  sulfate  concentrations  ranged  from  9.13  mg/L  to 
1,100  mg/L  In  deep  groundwater,  12  of  18  samples  contained  sulfate  concentrations 
below  200  mg/L,  with  a  maximum  concentration  of  1 100  mg/L  detected  at  CCFTA2- 
19D  (again,  close  to  the  Banana  River).  Table  4.5  summarizes  measured  sulfate 
concentrations. 

Sulfate  concentrations  do  not  correlate  well  with  CAH  or  BTEX  concentrations. 
Given  the  amount  of  sulfate  dissolved  in  site  groundwater,  it  is  likely  that  sulfate 
reduction  is  an  ongoing  anaerobic  biodegradation  process  at  CCFTA-2  (FT-17),  but  the 
data  indicate  no  clear  pattern.  Dissolved  hydrogen  data  (discussed  in  Section  4.4.2.4) 
indicate  that  sulfate  reduction  was  operating  in  the  vicinity  of  the  dissolved  CAH  plume 
source  area  at  the  time  of  sampling. 

4. 4. 2. 3. 5  Methane  in  Groundwater 

Methane  concentrations  were  measured  in  groundwater  samples  collected  in 
January  1996.  Table  4.5  lists  methane  concentrations,  which  ranged  from  0.002  to 
6.97  mg/L  at  the  site.  Figure  4.7  shows  the  distribution  of  methane  in  shallow  site 
groundwater.  Methane  concentrations  are  greatest  in  the  area  between  the  bum  pit  and 
monitoring  well  CCFTA2-6,  with  the  general  trend  of  the  dissolved  methane  plume 
similar  to  that  of  the  CAH  and  BTEX  plumes.  The  presence  of  methane  in  the  plume 
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area  indicates  that  conditions  are  sufficiently  reducing  that  petroleum  hydrocarbons  and 
native  organic  matter  are  being  used  to  support  methanogenesis.  Further,  the  fact  that 
methanogenesis  is  ongoing  indicates  that  conditions  in  the  plume  area  are  highly 
reducing  and  therefore  favorable  for  reductive  dehalogenation  of  CAHs. 

As  methanogenesis  produces  more  carbon  dioxide  than  it  consumes  (Table  4.7),  an 
unlimited  supply  of  carbon  dioxide  is  theoretically  available  once  the  process  of 
methanogenesis  has  been  initiated.  Therefore,  methanogenesis  is  limited  by  the  rate  of 
reaction  rather  than  the  source  of  electron  acceptors. 

4.4.2. 4  Dissolved  Hydrogen 

Dissolved  hydrogen  (H2)  concentrations  can  be  used  to  determine  the  dominant 
terminal  electron-accepting  process  (TEAP)  in  an  aquifer.  This  method  has  been 
shown  to  provide  a  direct,  independent  measurement  that  identifies  which  redox 
reactions  are  taking  place  in  anaerobic  groundwater  (Lovley  and  Goodwin,  1988; 
Lovley  et  al.,  1994;  Vroblesky  and  Chapelle,  1994;  Chapelle  et  al.,  1995).  The 
efficiency  of  reductive  dehalogenation  increases  as  a  system  becomes  more  reducing 
(i.e.,  proceeds  from  denitifying  conditions  to  ferric-iron-reducing,  sulfate-reducing, 
and  methanogenic  conditions).  Therefore,  it  is  helpful  to  be  able  to  define  redox 
conditions  more  accurately  than  can  be  determined  from  conventional  geochemical  data 
when  evaluating  the  potential  for  natural  attenuation  of  CAHs  in  groundwater.  When 
dissolved  H2  concentrations  are  measured  using  the  methods  presented  by  the 
aforementioned  authors,  the  concentrations  directly  indicate  which  TEAP  is  dominant 
in  a  given  location  at  a  given  time,  as  outlined  in  Table  4.8. 

Groundwater  samples  for  analysis  of  dissolved  H2  were  collected  from  17  wells  at 
CCFTA-2  (FT-17)  in  January  1996.  These  results  are  summarized  on  Table  4.9. 
Measured  H2  concentrations  range  from  <0.01  nanomoles  per  liter  (nM)  to  1.80  nM. 
The  highest  concentrations  were  measured  in  the  vicinity  of  the  northern  mobile 
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LNAPL  body.  At  CCFTA2-9S  and  CCFTA2-11,  H2  concentrations  were  1.80  and 
1.05  nM,  respectively,  indicating  that  sulfate  reduction  is  the  dominant  TEAP  in  that 
area  at  that  time.  The  remaining  data  indicate  that  ferric  iron  reduction  was  the 
dominant  TEAP  throughout  the  area  of  the  CAH  plume  at  the  time  of  measurement. 

TABLE  4.8 

RANGE  OF  HYDROGEN  CONCENTRATIONS  FOR  GIVEN 
TERMINAL  ELECTRON-ACCEPTING  PROCESSES 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Terminal  Electron-Accepting  Process 

Hydrogen  Concentration 

(nM) 

Denitrification 

<0.1 

Iron  (HI)  Reduction 

0.2  to  0.8 

Sulfate  Reduction 

1  to  4 

Methanogenesis 

>5 

Source:  Chapelle  et  al.,  1995. 

While  these  data  suggest  that  ferric  iron  reduction  and  sulfate  reduction  were  the 
dominant  TEAPs  in  January  1996,  the  presence  of  methane  indicates  that 
methanogenesis  has  also  been  an  operating  TEAP.  Further,  the  presence  of  ethene  in 
the  downgradient  portion  of  the  CAH  plume  suggests  that  at  some  time,  sulfate 
reduction  and/or  methanogenesis  were  active  TEAPs  in  that  area,  even  though  the  H2 
data  show  that  ferric  iron  reduction  was  ongoing  in  January  1996.  This  is  not 
unexpected;  Vroblesky  and  Chapelle  (1994)  state  that  TEAPs  can  vary  both  spatially 
and  temporally,  with  shifts  taking  place  in  as  little  as  10  days. 
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TABLE  4.9 

DISSOLVED  HYDROGEN  CONCENTRATIONS  IN  GROUNDWATER, 

JANUARY  1996 

CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Well 

Hydrogen  Concentration 

(nM) 

CPT1 

0.21 

CCFTA2-1 

0.10 

CCFTA2-2 

<0.01 

CCFTA2-3 

0.22 

CCFTA2-5 

0.10 

CCFTA2-6 

0.21 

CCFTA2-7S 

0.16 

CCFTA2-8S 

0.16 

CCFTA2-9S 

1.80 

CCFTA2-10 

0.29 

CCFTA2-11 

1.05 

CCFTA2-13S 

0.17 

CCFTA2-14 

0.11 

CCFTA2-15 

<0.01 

CCFTA2-16S 

0.21 

CCFTA2-20S 

0.23 

CCFTA2-21S 

0.65 
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4.4.2.5  Volatile  Fatty  Acids  and  Phenols 

During  biodegradation  of  BTEX  and  other  petroleum  hydrocarbons,  volatile  fatty 
acids  (VFAs)  are  produced  as  metabolic  byproducts.  Production  of  VFAs  is  a  direct 
indication  of  biodegradation  of  organic  matter,  including  petroleum  hydrocarbons, 
natural  organic  matter,  or  chlorinated  solvents.  The  standard  method  of  VFA  analysis 
performed  by  USEPA  researchers  is  a  GC/mass  spectrometry  (MS)  method  in  which 
groundwater  samples  are  compared  to  a  standard  mixture  containing  58  phenols, 
aromatic  acids,  and  aliphatic  acids. 

Samples  for  VFA  analysis  were  collected  from  five  wells  at  CCFTA-2  (FT- 17). 
Wells  CCFTA2-3,  CCFTA2-5,  CCFTA2-6,  CCFTA2-9S,  and  CCFTA2-20S  were 
sampled.  Results  are  presented  in  Table  4.10.  Collectively,  24  of  the  58  compounds 
in  the  standard  were  detected  in  these  samples.  These  data  confirm  the  ongoing 
biodegradation  of  organic  matter.  In  turn,  the  reducing  conditions  created  by  this 
biodegradation  favor  the  reductive  dehalogenation  of  CAHs. 

4.4.3  Additional  Geochemical  Indicators 

Other  geochemical  data  collected  for  this  evaluation  can  be  used  to  further  interpret 
and  support  the  contaminant,  electron  donor,  electron  acceptor,  and  byproduct  data 
previously  discussed.  These  parameters  provide  additional  qualitative  indications  of 
what  processes  may  be  operating  at  the  site. 

4.4.3. 1  Oxidation/Reduction  Potential 

ORPs  were  measured  at  groundwater  monitoring  wells  and  points  in  January  1996. 
ORP  is  a  measure  of  the  relative  tendency  of  a  solution  to  accept  or  transfer  electrons. 
The  ORP  of  a  groundwater  system  depends  on  which  electron  acceptors  are  being 
reduced  by  microbes  during  oxidation  of  organic  compounds.  ORPs  for  shallow 
groundwater  at  the  site  range  from  101  millivolts  (mV)  to  -250  mV.  Table  4.5 
summarizes  available  ORP  data.  The  areal  distribution  of  ORPs  is  illustrated 
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TABLE  4.10 

PHENOLS,  AROMATIC  ACIDS,  AND 
ALIPHATIC  ACIDS  IN  GROUNDWATER 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Compound 

CCFTA2-9S 

CCFTA2-3 

CCFTA2-5 

CCFTA2-6 

CCFTA2-20S 

(concentrations  in  pg/L) 

propaoic  acid 

<5 

<5 

6 

9 

<5 

2-methylpropanoic  acid 

10 

<5 

<5 

6 

<5 

trimethyl  acetic  acid 

6 

<5 

5 

5 

<5 

butyric  acid 

16 

8 

16 

18 

8 

2-methylbutyric  acid 

15 

<5 

<5 

<5 

<5 

3-methylbutyric  acid 

40 

<5 

<5 

<5 

<5 

3,3-dimethylbutyric  acid 

<5 

<5 

<5 

22 

ND*' 

pentanoic  acid 

23 

17 

54 

58 

32 

3,2-dimethylbutyric  acid 

<5 

<5 

<5 

6 

ND 

4-methylpropanoic  acid 

8 

ND 

<5 

<5 

<5 

hexanoic  acid 

32 

22 

56 

66 

39 

o-cresol 

5 

ND 

ND 

<5 

ND 

2-ethylhexanoic  acid 

387 

381 

302 

656 

438 

heptanoic  acid 

6 

5 

11 

14 

8 

m-cresol 

12 

ND 

ND 

<5 

ND 

2,5-dimethylphenol 

6 

ND 

ND 

8 

nd  ; 

cyclohexanecarboxylic  acid 

6 

ND 

<5 

<5 

<5 

2,4-dimethylphenol 

6 

ND 

ND 

6 

ND 

3,5-dimethylphenol  &  m-ethylphenol 

5 

ND 

ND 

5 

<5  i 

octanoic  acid 

<5 

<5 

5 

7 

<5 

p-ethylphenol 

<5 

ND 

ND 

5 

ND 

benzoic  acid 

14 

12 

24 

18 

12 

m-methylbenzoic  acid 

21 

ND 

ND 

ND 

ND 

decanoic  acid 

<5 

<5 

<5 

8 

<5 

^  ND  =  Compound  not  detected. 
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graphically  on  Figure  4.8.  As  expected,  areas  at  the  site  with  low  ORPs  appear  to 
coincide  with  areas  of  elevated  BTEX  contamination,  decreased  DO,  elevated  ferrous 
iron,  and  elevated  methane  concentrations  (see  Figure  4.7).  Also  as  expected,  these 
areas  coincide  with  areas  where  there  is  evidence  of  ongoing  reductive  dehalogenation. 

The  observed  ORPs  also  are  relatively  low  outside  of  the  plume  area.  Only  at 
CCFTA2-16S  and  CCFTA2-21S  are  the  redox  potentials  greater  than  -30  mV.  In 
conjunction  with  the  low  observed  DO  concentrations,  this  further  indicates  that  the 
local  background  groundwater  conditions  are  already  relatively  reducing  due  to 
consumption  of  DO  by  microbes  utilizing  native  organic  carbon  compounds  as 
substrates. 

4.4.3.2  Alkalinity  and  Carbon  Dioxide  Evolution 

Carbon  dioxide  is  produced  during  the  biodegradation  of  petroleum  hydrocarbons 
and  native  organic  carbon  compounds.  In  aquifers  that  have  carbonate  minerals  as  part 
of  the  matrix,  carbon  dioxide  forms  carbonic  acid,  which  dissolves  these  minerals, 
increasing  the  alkalinity  of  the  groundwater.  An  increase  in  alkalinity  [measured  as 
calcium  carbonate  (CaC03)]  in  an  area  with  BTEX  concentrations  elevated  above 
background  conditions  can  be  used  to  infer  that  petroleum  hydrocarbons  (or  native 
organic  carbon)  has  been  destroyed  through  aerobic  and  anaerobic  microbial 
respiration. 

Total  alkalinity  (as  CaC03)  was  measured  in  groundwater  samples  collected  in 
January  1996.  These  measurements  are  summarized  in  Table  4.5  and  illustrated  on 
Figure  4.8.  Alkalinity  is  a  measure  of  the  ability  of  groundwater  to  buffer  changes  in 
pH  caused  by  the  addition  of  biologically  generated  acids.  Total  alkalinity  at  the  site 
varied  from  213  mg/L  to  527  mg/L.  This  range  of  alkalinity  is  sufficient  to  buffer 
potential  changes  in  pH  caused  by  biologically  mediated  reactions  and  suggests  that 
aerobic  and/or  anaerobic  biodegradation  processes  should  not  cause  detrimental  shifts 
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in  groundwater  pH  (see  Section  4.4. 3. 4).  In  addition,  the  areas  with  increased 
alkalinity  generally  coincide  with  the  BTEX  and  CAH  plumes.  This  is  further 
evidence  that  biodegradation  utilizing  BTEX  and  native  organic  carbon  compounds  as 
substrates  is  ongoing  at  the  site. 

4.4.3.3  Ammonia 

The  presence  of  ammonia  in  groundwater  can  result  from  either  nitrate  reduction 
(facilitated  by  microbes)  or  fixing  of  atmospheric  nitrogen  (also  a  microbial  process). 
Therefore,  the  presence  of  ammonia  in  groundwater  is  a  strong  indication  of  microbial 
activity.  Figure  4.8  shows  the  distribution  of  ammonia  (as  N)  concentrations  measured 
in  groundwater  samples  collected  from  CCFTA-2  (FT- 17).  Ammonia  concentrations 
ranged  from  less  than  0.05  mg/L  to  4.64  mg/L  (Table  4.5),  with  the  area  of  highest 
ammonia  concentrations  coinciding  with  the  BTEX  and  CAH  plumes.  Because  very 
little  nitrate  is  present  in  site  groundwater,  the  source  of  nitrogen  for  this  process  must 
be  atmospheric  nitrogen  gas.  This  implies  that  groundwater  conditions  within  the 
BTEX  and  CAH  plumes  are  reducing  enough  to  support  this  process.  Stumm  and 
Morgan  (1981)  note  that  nitrogen  fixation  will  occur  when  conditions  are  at  least 
reducing  enough  to  support  iron  reduction.  This  process  can  also  occur  when  sulfate 
reduction  or  methanogenesis  is  favored.  Therefore,  this  evidence  of  nitrogen  fixation 
further  confirms  that  conditions  within  the  CAH  and  BTEX  plumes  are  sufficiently 
reducing  to  allow  reductive  dehalogenation  to  proceed. 

4.4.3.4  pH 

pH  was  measured  for  groundwater  samples  collected  from  groundwater  monitoring 
points  and  monitoring  wells  in  January  1996.  These  measurements  are  summarized  in 
Table  4.5.  The  pH  of  a  solution  is  the  negative  logarithm  of  the  hydrogen  ion 
concentration  [H+].  Groundwater  pH  measured  at  the  site  ranges  from  6.7  to  7.8 
standard  units.  This  range  of  pH  is  within  the  optimal  range  for  BTEX-degrading 
microbes.  The  limited  and  relatively  neutral  range  of  pHs  also  indicates  that  microbial 
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reactions  have  a  minimal  effect  on  groundwater  pH,  likely  due  to  the  moderately  high 
alkalinity  of  site  groundwater  (Section  4.4. 3.2).  In  general,  pHs  were  higher  at  depth, 
reflecting  the  higher  salinity  of  the  deeper  groundwater. 

4.4.3.5  Temperature 

Groundwater  temperature  was  measured  at  groundwater  monitoring  points  and 
monitoring  wells  in  January  1996.  Table  4.5  summarizes  groundwater  temperature 
readings.  Temperature  affects  the  types  and  growth  rates  of  bacteria  that  can  be 
supported  in  the  groundwater  environment,  with  higher  temperatures  generally 
resulting  in  higher  growth  rates.  Temperatures  in  the  shallow  part  of  the  aquifer  varied 
from  19.9°C)  to  24°C,  while  temperatures  in  the  deep  part  of  the  aquifer  ranged  from 
21.9°C  to  25.3°C.  These  are  relatively  warm  temperatures  for  groundwater  (but  still 
within  the  optimal  range),  suggesting  that  bacterial  growth  rates  should  be  high. 

4.5  APPROXIMATION  OF  BIODEGRADATION  RATES 

Biodegradation  rate  constants  are  necessary  to  accurately  simulate  the  fate  and 
transport  of  contaminants  dissolved  in  groundwater.  In  many  cases,  biodegradation  of 
contaminants  can  be  approximated  using  first-order  kinetics.  First-order 
biodegradation  rate  constants  may  be  calculated  on  the  basis  of  field-scale  data,  or  by 
using  a  small  sample  of  the  aquifer  material  and  groundwater  for  microcosm  studies. 
For  reductive  dehalogenation  of  chlorinated  compounds,  first-order  rates  are  not 
necessarily  an  accurate  representation  because  the  degradation  of  CAHs  depends  on 
both  concentration  of  electron  donors  (e.g.,  fuel  hydrocarbons  or  native  organic 
material)  and  the  concentrations  of  electron  acceptors  (including  inorganic  acceptors 
and  CAHs)  (Moutoux  et  al.,  1996).  Second-order  rates  would  therefore  allow  more 
accurate  modeling,  but  at  this  time  there  are  no  readily  available  groundwater 
contaminant  transport  models  that  can  utilize  such  rates.  Therefore,  first-order  rates 
must  be  estimated  for  such  an  application. 
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Microcosm  studies  are  used  to  show  that  the  microorganisms  necessary  for 
biodegradation  are  present  and  to  help  quantify  rates  of  biodegradation.  Because 
microcosm  studies  are  time  consuming  and  expensive,  they  should  be  undertaken  only 
at  sites  where  there  is  considerable  skepticism  concerning  the  biodegradation  of 
contaminants.  The  results  of  a  microcosm  study  are  strongly  influenced  by  the  nature 
of  the  geological  material  submitted  for  study,  the  physical  properties  of  the 
microcosm,  the  sampling  strategy,  and  the  duration  of  the  study.  Biodegradation  rate 
constants  determined  by  microcosm  studies  often  are  much  higher  than  those  observed 
in  the  field.  Microcosms  are  most  appropriate  as  indicators  of  the  potential  for  natural 
bioremediation,  and  to  prove  that  losses  are  biological,  but  it  may  be  inappropriate  to 
use  them  to  generate  rate  constants.  The  preferable  method  of  contaminant 
biodegradation  rate-constant  determination  is  by  use  of  field  data. 

In  order  to  calculate  first-order  biodegradation  rate  constants  on  the  field  scale,  the 
apparent  degradation  rate  must  be  normalized  for  the  effects  of  dilution,  dispersion, 
and  sorption.  Two  methods  for  determining  first-order  rate  constants  for  BTEX 
compounds  are  described  by  Wiedemeier  et  al.  (1996b).  One  method  involves  the  use 
of  a  biologically  recalcitrant  compound  found  in  the  dissolved  contaminant  plume  that 
can  be  used  as  a  conservative  tracer.  The  other  method,  proposed  by  Buscheck  and 
Alcantar  (1995),  involves  interpretation  of  a  steady-state  contaminant  plume  and  is 
based  on  the  one-dimensional,  steady-state  analytical  solution  to  the  advection- 
dispersion  equation  presented  by  Bear  (1979).  Both  methods  can  be  adapted  to 
estimate  rate  constants  for  CAHs.  Another  method  for  estimating  dehalogenation  rates 
of  CAHs  is  described  by  Moutoux  et  al.  (1996).  This  method  provides  a  total 
dechlorination  rate  for  all  dechlorination  steps.  All  rates  (including  the  rapid  TCE  to 
DCE  rate  and  the  slow  VC  to  ethene)  are  averaged  together  using  the  Moutoux  et  al. 
(1996)  method. 
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The  methods  of  Buscheck  and  Alcantar  (1995)  and  Moutoux  et  al.  (1996)  were  used 
to  estimate  first-order  biodegradation  rate  constants  for  CAHs  at  CCFTA-2  (FT-17). 
These  methods  and  calculations  are  summarized  in  Appendix  C.  Rate  constants  were 
not  calculated  for  BTEX  compounds  because  of  the  relatively  low  remaining 
concentrations  (Table  4.6)  and  the  focus  of  this  study  on  the  CAHs.  Decay  rates 
computed  using  data  from  CCFTA-2  (FT-17)  and  the  two  methods  referenced  above 
included  a  total  CAH  dechlorination  rate  of  0.00007  day'1,  a  total  CAH  dechlorination 
rate  of  0.0003  day'1,  a  TCE  dechlorination  rate  of  0.0005  day'1,  and  a  DCE 
dechlorination  rate  of  0.0005  day'1.  The  first  rate  was  calculated  using  the  method  of 
Moutoux  et  al.  (1996),  while  the  latter  three  were  calculated  using  the  method  of 
Buscheck  and  Alcantar  (1995).  The  equivalent  half-lives  are  27  years,  6.3  years,  3.8 
years,  and  3.8  years,  respectively.  The  0.00007  day'1  calculated  rate  appears  relatively 
slow  because  it  includes  the  dechlorination  step  from  VC  to  ethene,  which  is  the 
slowest  step.  Because  the  anaerobically  recalcitrant  TMB  compounds  were  not 
detected  consistently  at  the  site  (Table  4.6),  the  tracer  method  (Wiedemeier  et  al., 
1996b)  was  not  used. 

4.6  DISCUSSION 

Several  lines  of  chemical  and  geochemical  evidence  indicate  that  dissolved  CAHs  at 
CCFTA-2  (FT-17)  are  undergoing  biologically  facilitated  reductive  dehalogenation. 
The  presence  of  ds-l,2-DCE  and  VC  in  site  groundwater  and  the  accumulation  of  VC 
downgradient  of  the  source  area,  accompanied  by  a  decrease  in  TCE  and  DCE 
concentrations,  are  the  primary  lines  of  chemical  evidence  (Figure  4.4).  This  is  further 
supported  by  the  presence  of  ethene,  which  is  a  byproduct  of  reductive  dehalogenation 
of  VC,  and  by  elevated  chloride  concentrations  within  the  CAH  plume.  In  addition, 
the  ratios  of  cw-l,2-DCE  to  trans-  1,2-DCE  within  the  CAH  plume  (Figure  4.6)  also 
are  indicative  of  biologically  mediated  reductive  dehalogenation. 
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Microbial  consumption  of  both  native  and  anthropogenic  organic  carbon  compounds 
creates  conditions  favorable  for  reductive  dehalogenation.  Anthropogenic  carbon 
compounds  are  present  as  petroleum  hydrocarbons  (including,  but  not  limited  to, 
BTEX)  that  are  dissolved  in  groundwater,  while  native  carbon  compounds  include  solid 
organic  matter  in  the  aquifer  matrix  and  whatever  portion  of  that  matter  that  has 
dissolved  into  site  groundwater.  These  compounds  are  electron  donors  in  redox 
reactions  that  are  also  consuming  electron  acceptors  such  as  DO,  ferric  iron,  carbon 
dioxide,  and  CAHs.  Plots  of  these  electron  donors,  electron  acceptors,  and  byproducts 
of  these  reactions  (Figures  4.4,  4.6,  and  4.7)  provide  strong  qualitative  evidence  of 
these  processes.  Additional  indicators,  such  as  ORP,  alkalinity,  ammonia 
concentrations,  and  VFAs,  further  confirm  that  biodegradation  reactions  are  ongoing 
and  have  created  reducing  conditions  that  foster  reductive  dehalogenation. 

The  role  of  sulfate  reduction  is  unclear  because  no  clear  relationship  between  the 
CAH  plume  and  dissolved  sulfate  concentrations  is  apparent.  However,  dissolved  H2 
data  further  confirm  that  conditions  within  the  CAH  plume  in  January  1996  were 
reducing  (Tables  4.8  and  4.9),  with  iron  reduction  and  sulfate  reduction  being  the 
TEAPs  operating  within  the  plume.  This  further  indicates  conditions  that  favor 
reductive  dehalogenation  of  TCE,  DCE,  and  VC,  and  possibly  some  anaerobic 
oxidation  of  VC  (under  iron-reducing  conditions).  The  presence  of  dissolved  methane 
further  indicates  that  conditions  are  sufficiently  reducing  for  the  dehalogenation 
processes  to  proceed. 

The  dissolved  CAH  plume  at  CCFTA-2  (FT-17)  exhibits  characteristics  of  both 
type  1  and  type  2  behavior.  Dissolved  petroleum  hydrocarbons  are  acting  as  a  carbon 
source,  and  the  geochemical  data  indicate  some  microbial  consumption  of  native 
organic  matter  is  taking  place  outside  the  plume  (and  and  probably  within  the  plume  as 
well).  It  is  likely  that  the  introduction  of  petroleum  hydrocarbons  due  to  fire  training 
activities  stimulated  additional  microbial  activity  and  made  the  groundwater  system 
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reducing  enough  to  allow  reductive  dehalogenation  of  CAHs,  including  VC.  Ethene  is 
being  produced,  but  VC  is  also  accumulating  in  the  downgradient  portion  of  the  CAH 
plume.  VC  is  likely  to  continue  to  accumulate  as  long  conditions  in  that  portion  of  the 
plume  are  at  least  oxidizing  enough  to  favor  ferric  iron  reduction. 

As  discussed  in  Section  4.5,  rates  of  CAH  degradation  estimated  from  data  collected 
for  this  investigation  range  from  0.00007  day'1  to  0.0005  day’1.  As  petroleum 
hydrocarbons  continue  to  be  consumed,  reductive  dehalogenation  will  continue; 
however,  once  BTEX  compounds  are  completely  degraded,  the  rate  at  which  CAHs  are 
dehalogenated  may  slow  slightly  as  the  microbes  utilize  less  easily  degradable  fuel 
hydrocarbons.  However,  these  other  fuel  hydrocarbons  and  the  native  carbon 
compounds  should  be  sufficient  to  sustain  continuing  biodegradation  and  maintain 
reducing  conditions  within  the  plume  area.  It  also  is  conceivable  that  the  plume  may 
eventually  come  to  display  only  type  2  behavior,  but  this  will  depend  on  the 
concentrations  and  degradability  of  the  remaining  (non-BTEX)  fuel  hydrocarbon 
compounds  relative  to  the  native  organic  matter. 

As  the  type  of  organic  matter  used  during  biodegradation  changes,  the  redox 
conditions  may  also  change  and  alter  which  reactions  are  favored.  This  could  also 
affect  the  rates  at  which  CAHs  are  reductively  dehalogenated,  and  could  also  cause 
dehalogenation  of  some  compounds  to  cease.  If  and  how  this  will  happen  is  difficult  to 
predict;  the  relative  “degradability”  of  the  native  organic  matter  (or  non-BTEX  fuel 
hydrocarbons)  and  the  effect  of  a  changing  electron  donor  source  is  not  yet  well- 
understood.  It  can  be  stated  that  if  conditions  become  more  oxidizing  (but  not 
aerobic),  dehalogenation  of  VC  may  cease  outright,  and  that  the  dehalogenation  of 
DCE  may  also  cease  or  slow.  However,  aerobic  and/or  anaerobic  mineralization  of 
VC  and  DCE  may  become  more  important. 
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SECTION  5 

GROUNDWATER  FLOW  AND  CONTAMINANT 
TRANSPORT  MODEL 

5.1  GENERAL  OVERVIEW  AND  MODEL  DESCRIPTION 

In  order  to  help  predict  the  future  migration  and  fate  of  CAHs  dissolved  in 
groundwater  at  CCFTA-2  (FT- 17),  Parsons  ES  simulated  shallow  groundwater  flow  and 
the  fate  and  transport  of  the  dissolved  CAH  plume.  The  modeling  effort  had  three 
primary  objectives:  1)  predict  the  future  extent  and  concentration  of  the  dissolved 
contaminant  plume  by  modeling  the  combined  effects  of  advection,  dispersion,  sorption, 
and  biodegradation;  2)  assess  the  potential  for  downgradient  receptors  to  be  exposed  to 
contaminants  at  concentrations  above  regulatory  levels  of  concern;  and  3)  if  applicable, 
provide  technical  support  for  the  RNA  with  LTM  option  at  regulatory  negotiations.  The 
model  was  developed  using  site-specific  data  and  conservative  assumptions  about 
governing  physical  and  chemical  processes.  The  modeling  effort  did  not  include 
predictions  to  determine  the  future  extent  and  concentration  of  the  BTEX  plume  at 
CCFTA-2  (FT-17),due  to  the  low  BTEX  concentrations,  the  role  of  BTEX  as  electron 
donors  for  CAH  degradation,  and  the  fact  that  detectable  concentrations  of  BTEX  are  not 
present  in  surface  water.  This  analysis  is  not  intended  to  represent  an  assessment  of 
potential  risks  posed  by  site  contamination. 

The  model  codes  MODFLOW  (McDonald  and  Harbaugh,  1988)  and  MT3D  (Zheng, 
1990)  were  used  to  estimate  the  potential  for  dissolved  CAH  migration  and  degradation 
by  naturally  occurring  mechanisms  operating  at  the  site.  The  pre-  and  post-processors 
contained  in  Visual  MODFLOW*  (Waterloo  Hydrogeologic,  Inc.,  1995)  were  used  to 
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facilitate  model  development  and  analysis/presentation  of  model  results.  MODFLOW 
was  used  to  generate  a  groundwater  flow  model  for  the  site,  and  the  flow  field  from 
this  model  was  incorporated  into  the  transport  solution  computed  by  MT3D.  The 
MT3D  code  incorporates  advection,  dispersion,  sorption,  and  biodegradation  to 
simulate  contaminant  plume  migration  and  degradation.  MT3D  uses  solution  routines 
based  on  the  Method  of  Characteristics  (MOC)  solute  transport  model  [e.g,,  as 
developed  by  Konikow  and  Bredehoeft  (1978)  for  the  US  Geological  Survey  (USGS) 
two-dimensional  (2D)  MOC  model  code].  The  model  was  modified  by  Zheng  (1990) 
to  allow  three-dimensional  (3D)  solutions,  and  to  allow  use  of  a  modified  MOC  method 
that  reduces  numerical  dispersion.  Biodegradation  of  dissolved  and  sorbed 
contaminants  can  be  simulated  through  the  use  of  a  first-order  decay  constant. 

These  codes  were  selected  over  the  Bioplume  II  code  because  MT3D  is  more  stable 
(numerically)  when  the  simulated  solute  plume  reaches  a  boundary,  because  of  the  3D 
nature  of  the  local  groundwater  flow  system  (e.g.,  vertical  flow  and  discharge  to 
surface  water  in  the  vicinity  of  the  canal  and  the  Banana  River),  and  because 
biodegradation  of  CAHs  is  not  oxygen-limited.  Ideally,  a  code  for  simulating 
degradation  of  CAHs  would  track  parent  compounds  and  daughter  products  and  allow 
specification  of  varying  decay  rates  for  each  compound.  However,  such  a  model  is  not 
yet  available  outside  of  research  institutions. 

5.2  CONCEPTUAL  MODEL  DESIGN  AND  ASSUMPTIONS 

Prior  to  developing  a  groundwater  model,  it  is  important  to  determine  if  sufficient 
data  are  available  to  provide  a  reasonable  estimate  of  aquifer  conditions.  In  addition,  it 
is  important  to  ensure  that  any  limiting  assumptions  can  be  justified.  Important 
assumptions  made  when  using  the  MT3D  code  are  that  dispersion,  sorption,  and 
biodegradation  are  major  factors  controlling  contaminant  fate  and  transport  at  the  site. 
Data  and  information  presented  in  Sections  3  and  4  suggest  that  biodegradation  of 
CAHs  is  ongoing,  although  CAHs  are  reaching  the  canal.  Data  also  indicate  that 
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significant  concentrations  of  organic  carbon  are  present  in  the  aquifer  matrix,  and  that 
sorption  is  likely  an  important  process.  Biodegradation  of  CAHs  can  be  simulated 
using  a  decay  constant,  sorption  (assumed  to  be  a  linear  process)  can  simulated  using  a 
coefficient  of  retardation,  and  dispersion  can  be  estimated  using  literature  values  and 
accepted  rules-of-thumb.  Selection  of  values  for  these  parameters  is  discussed  in 
Section  5.4.2. 

On  the  basis  of  the  data  presented  in  Section  3,  the  shallow  saturated  zone  was 
conceptualized  and  modeled  as  an  unconfined  aquifer  composed  of  fine-  to  coarse¬ 
grained  sand  (Figures  3.3  and  3.4).  There  are  some  slight  heterogeneities  in  the 
shallow  aquifer,  such  as  the  peat  and  clay  lenses  that  were  detected  in  some  boreholes; 
however,  the  groundwater  flow  patterns  and  plume  data  do  not  clearly  indicate  any 
influence  of  these  observed  units  on  the  system.  As  a  result,  the  conceptual  model  does 
not  incorporate  significant  heterogeneities  (e.g.,  variation  in  hydraulic  conductivity  is 
limited  to  the  range  indicated  by  the  slug  test  data).  The  aquifer  is  bounded  on  the 
bottom  by  the  clay  layer  at  about  60  feet  bgs.  Because  there  are  significant  vertical 
flow  gradients  at  this  site,  and  because  the  groundwater  discharges  to  nearby  surface 
water  bodies,  a  3D  solution  is  most  appropriate. 

For  the  purposes  of  the  model,  it  was  assumed  that  contaminants  were  first 
introduced  to  the  groundwater  at  this  site  when  fire  training  operations  began  in  1965. 
LNAPL  containing  CAHs  was  likely  concentrated  in  the  vicinity  of  the  drum  disposal 
trench.  Available  evidence  indicates  that  mobile  LNAPL  remains  at  the  site  (although 
the  thickness  may  be  decreasing),  and  that  the  remaining  residual  LNAPL  is 
significantly  weathered  (especially  with  respect  to  petroleum  hydrocarbon 
composition).  The  mobile  and  residual  LNAPL  acts  as  a  continuing  source  of 
dissolved  TCE,  along  with  lesser  concentrations  of  DCE  and  BTEX.  Therefore,  it  was 
assumed  that  contaminants  enter  groundwater  via  dissolution  from  mobile  LNAPL  and 
residual  LNAPL  trapped  below  the  water  table,  and  by  dissolution  into  recharge 
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(infiltrating  precipitation)  as  it  passes  around  or  through  the  LNAPL  above  the  water 
table.  Both  these  sources  have  likely  diminished  as  the  TCE  and  BTEX  weathered  out 
of  the  LNAPL,  resulting  in  a  decreasing  source  of  dissolved  contamination  through 
time.  It  is  likely  that  the  source  will  continue  to  weather,  and  that  the  mass  of 
contaminants  entering  groundwater  will  continue  to  decline. 

5.3  INITIAL  MODEL  SETUP 

Where  possible,  the  initial  setup  for  this  model  was  based  on  site-specific  data.  Where 
site-specific  data  were  not  available  (e.g.,  effective  porosity  and  dispersivity),  reasonable 
assumptions  were  made  on  the  basis  of  widely  accepted  literature  values  for  materials 
similar  to  those  found  in  the  shallow  aquifer,  or  using  calculations  taken  from  the 
literature.  The  following  sections  describe  the  basic  model  setup.  Those  parameters  that 
were  varied  during  model  calibration  are  discussed  in  Section  5.4. 

5.3.1  Grid  Design  and  Boundary  Conditions 

The  model  domain  for  CCFTA-2  (FT- 17)  was  represented  using  3  layers,  each  with  a 
horizontal  grid  of  32  rows  by  37  columns.  Grid  cell  dimensions  ranged  from 
approximately  30  feet  wide  by  35  feet  long  to  130  feet  by  310  feet,  with  most  cells 
having  lengths  and  widths  less  than  60  feet.  The  grid  was  oriented  with  the  longest 
dimension  parallel  to  the  main  direction  of  dissolved  contaminant  migration.  The  model 
grid  covers  an  area  of  8,250,000  square  feet,  or  approximately  189  acres.  The  full  extent 
of  the  model  grid  is  indicated  on  Figure  5.1.  The  grid  was  extended  a  substantial  distance 
southwest  of  the  canal  to  allow  simulation  of  potential  contaminant  underflow  beneath 
the  canal.  The  total  thickness  of  the  domain  is  80  feet,  divided  into  3  equal  layers.  Part 
of  the  total  model  thickness  includes  an  extra-thick  unsaturated  zone  (which  does  not 
affect  calculations,  but  allows  for  oscillation  in  the  water  table  surface  during  early  model 
iterations). 
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Boundary  conditions  are  used  to  include  the  effects  of  the  system  outside  the  area 
being  modeled  on  the  system  being  modeled,  while  at  the  same  time  allowing  the 
isolation  of  the  desired  model  domain  from  the  larger  system.  Boundary  conditions 
describe  the  interaction  between  the  system  being  modeled  and  its  surroundings  or,  for 
transport  models,  the  loading  of  contaminant  mass  into  the  system.  In  effect,  the 
boundaries  of  the  model  tell  the  area  immediately  inside  the  boundaries  what  to  expect 
from  the  outside  world.  The  solution  to  any  differential  equation  requires  specification 
of  the  conditions  at  the  periphery  of  the  system.  Model  boundaries  are  thus 
mathematical  statements  that  specify  the  dependent  variable  (head  or  contaminant 
concentration)  or  the  flux  (derivative  of  the  head  or  contaminant  concentration  with 
respect  to  time)  at  the  model  grid  boundaries. 

Three  types  of  boundary  conditions  generally  are  utilized  to  describe  groundwater 
flow  and  solute  transport.  Boundary  conditions  are  referred  to  as  type  one  (Dirichlet), 
type  two  (Neumann),  and  type  three  (Cauchy).  Table  5.1  summarizes  boundary 
conditions  for  groundwater  flow  and  solute  transport. 

TABLE  5.1 

DEFINITION  OF  MODEL  BOUNDARY  CONDITIONS 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Boundary  Condition 

Boundary  Type 

Formal 

Name 

General  Mathematical  Description  j 

Groundwater  Flow 

Contaminant 

Transport 

Specified-Head  or 

Specified- 

Concentration 

Type  One 

Dirichlet 

H  =f(x,y,z,t) 

C  =f(x,y,z,t) 

Specified-Flux 

Type  Two 

Neumann 

dH  „ 

—  =  f(x,y,z,t) 
dn 

dC 

—  =  f(x,y,z,t ) 
on 

Head-Dependent  or 
Concentration- 
Dependent  Flux 

Type  Three 
(mixed-boundary 
condition) 

Cauchy 

dH  U  „  A 

—  +  cH  =  f(x,y,z,t) 
on 

+  cC  =  f(x,y,z,t ) 
on 

(Modified  from  Franke  et  al. ,  1987) 
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In  flow  models,  boundary  conditions  are  ideally  used  to  specify  known 
hydrogeologic  boundaries  of  the  system,  such  as  streams,  lakes,  confining  units, 
groundwater  divides,  or  any  geologic  feature  that  may  bound  a  system.  Also,  the 
boundaries  may  be  defined  as  areas  where  properties  (e.g.,  flux)  are  known  and  can  be 
defined.  When  using  a  numerical  flow  model,  hydrologic  boundaries  such  as  constant- 
head  features  (e.g.,  lakes  or  streams)  or  constant-flux  features  (e.g.,  groundwater 
divides  or  confining  units)  should,  when  possible,  be  used  to  define  the  model  area.  In 
areas  that  lack  obvious  hydrologic  boundaries,  assumed  or  calculated  constant-head  or 
constant-flux  boundaries  can  be  specified  at  the  numerical  model  perimeter  as  long  as 
the  perimeter  is  far  enough  removed  from  the  contaminant  plume  that  transport 
calculations  will  not  be  affected. 

In  transport  models,  boundary  conditions  are  used  to  specify  contaminant  sources 
such  as  NAPL  bodies,  dissolved  mass  entering  through  recharge,  injection  wells, 
surface  water  bodies,  and  leaking  structures.  Sources  such  as  NAPL  bodies  may  be 
represented  as  specified-concentration  boundaries  (limited  by  solubility  constraints  or 
observed  maximum  concentrations)  or  as  specified-flux  boundaries  (for  which  the 
chemical  loading  rate  must  be  known  or  estimated).  However,  in  most  cases,  only  the 
effects  of  the  source  are  measured,  not  the  source  characteristics  (Spitz  and  Moreno, 
1996).  The  source  must  therefore  be  represented  as  a  “black  box”  that  produces 
appropriate  concentrations  or  fluxes  at  selected  points  in  the  model.  The  source  may 
be  misrepresented  under  such  a  scenario,  but  there  is  often  little  choice  in  the  matter. 
Estimating  contaminant  flux  into  groundwater  from  NAPL  is  difficult  and  is  dependent 
upon  several  parameters,  most  of  which  cannot  be  measured  (Feenstra  and  Guiguer, 
1996;  Abriola,  1996). 

Specified-head  boundaries  for  the  model  were  set  at  the  upgradient  model  boundary, 
at  the  canal,  along  the  western  boundary  to  represent  the  Banana  River,  and  on  the 
southwestern  perimeter  of  the  model  grid.  These  boundaries  were  selected  to  simulate 
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the  southwesterly  groundwater  flow  observed  in  the  area  north  of  the  canal  and  the 
apparent  northerly  flow  to  the  south  of  the  canal.  Use  of  the  MODFLOW  river 
package  to  simulate  boundary  conditions  at  the  canal  resulted  in  large  numerical  errors 
during  model  iterations,  forcing  the  use  of  constant-head  cells  to  simulate  that  feature. 

By  projecting  heads  from  the  groundwater  flow  maps,  the  hydraulic  heads  northeast 
of  the  bum  pit  were  estimated  to  be  2.2,  2.85,  and  3.6  feet  above  msl  in  layers  1,  2, 
and  3,  respectively.  Heads  in  the  southeastern  comer  of  the  domain  were  assumed  to 
be  1.5,  2.1,  and  2.6  feet  above  msl  in  layers  1,  2,  and  3,  respectively.  Heads  were 
assumed  to  increase  with  depth  because  of  the  upward  gradients  observed  at  the  site. 

Heads  at  the  Banana  River  were  assumed  to  be  a  constant  0.4  foot  above  msl,  and 
heads  at  the  canal  were  assumed  to  be  a  constant  0.5  foot  above  msl.  The  canal 
boundary  was  assumed  to  be  present  only  in  model  layer  1.  In  both  surface  water 
bodies,  the  heads  likely  will  vary  over  time,  but  a  steady-state  flow  field  simplifies  the 
contaminant  transport  modeling.  Therefore,  head  values  for  the  river  and  canal  were 
estimated  and  adjusted  slightly  (no  more  than  0.1  foot)  during  calibration.  Constant- 
head  cells  were  placed  far  enough  away  from  the  CAH  plume  to  avoid  potential 
boundary  interferences,  with  the  exception  of  the  river  and  canal  cells  into  which  the 
plume  discharges. 

Along  the  northeastern  and  southeastern  boundaries  of  the  model  grid,  a  no-flow 
(specified-flux)  boundary  was  assumed  to  be  present.  The  flux  through  these  boundaries 
is  assumed  to  be  zero  because  flow  is  generally  interpreted  to  be  parallel  to  these 
boundaries.  The  base  or  lower  boundary  of  the  model  is  also  assumed  to  be  no-flow,  and 
was  set  at  a  depth  of  65  feet  below  msl  based  on  the  apparent  depth  of  the  clay  confining 
unit.  The  upper  model  boundary  was  defined  by  the  simulated  water  table  surface  and 
therefore  varied  depending  upon  the  results  of  the  simulations. 
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5.3.2  Groundwater  Elevation  and  Gradient 

Groundwater  elevation  data  collected  in  January  1996  and  presented  on  Figures  3.5 
and  3.6  were  used  as  calibration  targets  for  the  flow  model.  These  data  were  used 
because  more  measurements  were  collected  at  more  points  than  in  previous 
investigations,  allowing  greater  definition  of  the  groundwater  head  distribution. 
Hydraulic  gradients  and  groundwater  flow  directions  inferred  from  January  1996  data  are 
generally  similar  to  those  inferred  from  1995  data  (OBG,  1996a),  but  smaller-scale 
variations  are  more  apparent.  The  configuration  of  groundwater  elevation  isopleths  on 
Figures  3.5  and  3.6  indicates  that  groundwater  in  the  CCFTA-2  (FT-17)  area  primarily 
flows  south-southwest  to  the  canal,  but  away  from  the  plume  area,  flow  is  more  westerly 
toward  the  Banana  River.  Vertical  flow  profiles  indicate  that  near  the  canal  (and  likely 
the  Banana  River),  the  vertical  component  of  flow  is  upward. 

Additional  groundwater  flow  direction  and  gradient  data  are  presented  by  OBG 
(1995b).  These  data  are  generally  consistent  with  the  data  collected  by  Parsons  ES  in 
March  1994  and  January  1996.  Therefore,  it  was  assumed  that  the  observed  1996 
water  levels  were  reasonably  representative  of  steady-state  conditions.  As  described 
further  in  Section  5.4.1,  the  model  was  calibrated  to  the  observed  January  1996  water 
table. 

5.3.3  CAH  Concentrations 

Dissolved  CAHs  enter  groundwater  in  the  study  area  through  two  ongoing  processes: 
1)  contact  between  groundwater  and  residual  LNAPL  at  or  below  the  water  table,  and  2) 
contact  between  groundwater  and  mobile  LNAPL  at  the  water  table.  Smaller  amounts  of 
contaminant  mass  may  enter  groundwater  due  to  migration  of  recharge  (precipitation) 
through  soil  containing  mobile  and  residual  LNAPL  above  the  water  table.  Partitioning 
of  CAHs  from  these  sources  into  groundwater  was  simulated  using  recharge  boundaries 
in  the  vicinity  of  the  northern  LNAPL  body. 
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Rather  than  using  various  calculations  to  attempt  to  estimate  CAH  partitioning  from 
LNAPL  into  groundwater,  the  “black  box”  source  approach  was  used.  Experience 
modeling  fuel  hydrocarbon  sites  as  part  of  the  AFCEE  Natural  Attenuation  Initiative 
has  suggested  that  this  is  the  most  direct  method  for  reproducing  observed  plumes.  For 
the  CCFTA-2  (FT- 17)  model,  CAH  loading  was  assumed  to  begin  in  1965,  when  fire 
training  operations  began.  Loading  was  assumed  remain  constant  until  1985,  when  fire 
training  operations  ceased.  Loading  after  that  period  was  assumed  to  decrease  slightly 
due  to  natural  weathering  processes. 

The  total  dissolved  chlorinated  ethene  concentrations  obtained  from  January  1996 
laboratory  analytical  results  for  each  monitoring  well/point  location  were  used  as 
targets  for  model  calibration.  Table  4.4  presents  dissolved  CAH  concentration  data  for 
January  1996,  and  Figure  4.4  shows  the  spatial  distribution  of  dissolved  CAHs  in 
January  1996.  For  the  purposes  of  this  model,  the  concentrations  of  the  individual 
compounds  were  converted  from  pg/L  to  micromoles  per  liter  (pmol/L)  before  being 
summed.  This  was  done  because  the  primary  reaction  operating  at  CCFTA-2  (FT- 17) 
is  reductive  dechlorination.  As  discussed  in  Section  4.2,  reductive  dechlorination  is  a 
mole-to-mole  transformation  from  parent  to  daughter  product,  involving  replacement  of 
one  chlorine  atom  with  a  hydrogen  atom.  The  process  results  in  decreased  contaminant 
mass  because  the  mass  of  the  daughter  compound  is  significantly  lower;  however,  the 
molar  concentration  is  unchanged.  Because  the  biodegradation  rates  calculated  from 
site  data  and  used  in  the  model  represent  rates  of  dechlorination  only,  and  not  rates  of 
mass  loss  due  to  dechlorination,  simulation  of  changes  in  molar  concentrations  is  a 
more  appropriate  manner  in  which  to  simulate  dechlorination  of  CAHs.  The  CAH 
plume  in  terms  of  total  molar  concentrations  is  presented  on  Figure  5.2.  The 
concentrations  and  shapes  of  the  plumes  depicted  in  these  figures  are  the  result  of 
transport  under  the  influence  of  advection,  dispersion,  sorption,  and  biodegradation  fate 
processes. 
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5.3.4  Degradation  Rates 

As  discussed  in  Section  4.5,  first-order  biodegradation  (dehalogenation)  rates  of 
0.00007  day'1  to  0.0005  day'1  were  estimated  for  CAHs  using  site-specific  data.  These 
rates  were  used  to  define  an  initial  range  of  possible  values  for  model  input.  Also  as 
noted  in  Section  4.5,  reductive  dehalogenation  of  CAHs  may  be  best  represented  using  a 
second-order  rate,  but  most  common  transport  codes  (including  MT3D)  can  incorporate 
only  a  first-order  rate.  This  impacts  model  calibration;  however,  at  this  time  there  is  no 
feasible  alternative  for  simulating  CAH  transport  under  the  influence  of  biodegradation. 
So  long  as  conservative  values  are  used  for  other  input  parameters  and  a  sensitivity 
analysis  is  performed,  simulations  incorporating  a  first-order  rate  constant  are  still  useful 
and  meaningful. 

5.4  MODEL  CALIBRATION 

Model  calibration  is  an  important  component  in  the  development  of  any  numerical 
groundwater  model.  Calibration  of  the  flow  model  demonstrates  that  the  model  is 
capable  of  matching  hydraulic  conditions  observed  at  the  site;  calibration  of  e 
contaminant  transport  model  superimposed  upon  the  calibrated  flow  model  helps 
demonstrate  that  contaminant  loading  and  transport  conditions  are  being  appropriately 
simulated.  The  numerical  flow  model  presented  herein  was  calibrated  by  altering 
transmissivity,  recharge,  and  constant-head  elevations  in  a  trial-and-error  fashion  until 
simulated  heads  approximated  observed  field  values  within  a  prescribed  accuracy. 
After  calibration  of  the  flow  model,  the  numerical  solute  transport  model  was 
calibrated  by  altering  contaminant  transport  parameters  and  contaminant  source  term 
concentrations  in  a  trial-and-error  fashion  until  the  simulated  CAH  plume  approximated 
observed  field  values.  Model  input  and  output  are  included  in  Appendix  E. 
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5.4.1  Flow  Model  Calibration 

The  shallow  water  table  across  the  study  area  was  assumed  to  be  influenced  by 
continuous  recharge  and  discharge  at  the  constant-head  cells  established  at  the 
upgradient  and  downgradient  model  boundaries.  In  addition,  it  was  assumed  that 
precipitation  recharge  entered  the  subsurface  across  the  site,  which  is  almost 
completely  unpaved.  As  stated  in  Section  3.4,  the  mean  annual  precipitation  in  the  area 
is  approximately  44  to  45  inches,  with  a  mean  evapotranspiration  or  about  40  inches. 
The  recharge  rate  for  the  calibrated  groundwater  flow  model  was  initially  assumed  to 
be  a  uniform  5  inches  per  year  (in/year)  across  the  entire  model  domain.  During  the 
calibration  process,  this  value  was  reduced  to  3  in/year. 

Hydraulic  conductivity  is  an  important  aquifer  characteristic  that  represents  the 
ability  of  the  water-bearing  strata  to  transmit  groundwater.  An  accurate  estimate  of 
hydraulic  conductivity  is  important  to  help  quantify  advective  groundwater  flow 
velocities  and  to  define  the  flushing  potential  of  the  aquifer.  As  a  result,  models  used 
to  estimate  contaminant  transport  are  particularly  sensitive  to  variations  in  hydraulic 
conductivity.  Lower  values  of  hydraulic  conductivity  result  in  a  slower-moving  plume 
with  a  relatively  small  areal  extent.  Higher  values  of  hydraulic  conductivity  result  in  a 
faster-moving  plume  that  is  spread  over  a  larger  area. 

Geologic  data  and  water  level  measurements  were  used  in  conjunction  with  the 
hydraulic  conductivity  values  derived  from  slug  tests  to  estimate  an  initial  uniform 
hydraulic  conductivity  for  the  saturated  zone  across  the  entire  model  domain.  As  stated 
in  Section  3. 3. 2. 2,  hydraulic  conductivities  derived  from  slug  tests  performed  in  the 
shallow  sandy  aquifer  in  the  study  area  averaged  about  45  ft/day.  To  better  match 
heads  in  the  model  to  observed  values,  initial  hydraulic  conductivity  values  were 
progressively  varied  in  blocks  and  rows  until  the  simulated  water  levels  for  cells 
corresponding  to  the  selected  well  locations  closely  matched  the  observed  water  levels. 
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In  addition  to  recharge  and  hydraulic  conductivity  values,  the  head  values  of 
constant-head  cells  were  varied  during  the  flow  model  calibration.  In  model  layer  1 
(the  top  layer),  head  values  for  the  cells  representing  the  Banana  River  and  the  canal 
were  adjusted  up  and  down  by  0.1  foot,  with  resulting  values  of  0.4  foot  above  msl  and 
0.5  foot  above  msl  for  the  river  and  the  canal,  respectively.  In  model  layers  2  and  3, 
the  values  of  the  constant-head  cells  at  the  model  margins  also  were  adjusted  to  help 
simulate  vertical  gradients  similar  to  those  observed  at  the  site. 

Figure  5.3  shows  the  calibrated  water  table.  Calibrated  horizontal  hydraulic 
conductivities  ranged  between  45  and  135  ft/day,  with  most  cells  having  conductivities 
between  45  and  90  ft/day.  In  model  layer  1,  the  vertical  hydraulic  conductivities  that 
produced  the  best  fit  were  equal  to  one-tenth  of  the  horizontal  conductivities.  In  model 
layers  2  and  3,  the  vertical  conductivities  producing  the  best  results  were  equal  to  one- 
fiftieth  of  the  corresponding  horizontal  hydraulic  conductivities.  As  noted  by  Anderson 
and  Woessner  (1992),  vertical  hydraulic  conductivities  are  often  unknown  and  are 
estimated  during  calibration.  Anderson  and  Woessner  (1992)  also  note  that  ratios  of 
vertical  conductivities  to  hydraulic  conductivities  are  commonly  in  the  range  of  1  to 
0.001.  The  ratios  used  for  the  CCFTA-2  (FT-17)  model  are  within  that  range. 

Water  level  elevation  data  from  41  of  48  monitoring  wells  and  monitoring  points 
were  used  to  compare  measured  and  simulated  heads  for  calibration.  Data  from  the 
remaining  7  points  at  the  site  were  excluded  because  the  screens  of  some  deep  points 
were  not  deep  enough  to  be  below  the  bottom  of  model  layer  1,  because  the  data  were 
anomalous,  or  because  the  points  were  in  constant-head  cells. 

The  root  mean  squared  (RMS)  error  is  commonly  used  to  express  the  average 
difference  between  simulated  and  measured  heads.  RMS  error  is  the  average  of  the 
squared  differences  between  measured  and  simulated  heads,  and  can  be  expressed  as: 
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where:  n  =  the  number  of  points  where  heads  are  being  compared, 

hm  =  measured  head  value,  and 
hs  =  simulated  head  value. 

The  RMS  error  between  observed  and  calibrated  values  at  the  41  comparison  points 
was  0.17  foot,  which  corresponds  to  a  calibration  error  of  10  percent  (the  maximum 
difference  in  water  levels  measured  at  the  site  was  about  1.7  feet).  The  RMS  was 
calculated  by  commercial  model  post-processing  software  that  also  provides  a 

l 

comparison  between  measured  and  simulated  heads.  Figure  5.4  shows  the  relation 
between  measured  heads  and  simulated  heads  and  the  resulting  RMS.  This  plot 
provides  a  qualitative  method  of  checking  the  calibrated  head  distribution;  the  points 
should  scatter  randomly  about  the  straight  line  (Anderson  and  Woessner,  1992). 

To  solve  the  groundwater  flow  equation,  MODFLOW  calculates  an  overall 
hydraulic  balance  that  accounts  for  the  numerical  difference  between  flux  into  and  out 
of  the  system.  The  hydraulic  mass  balance  for  the  calibrated  model  was  excellent,  with 
99.9  percent  of  the  water  flux  into  and  out  of  the  system  being  accounted  for 
numerically  (i.e.,  a  0.1-percent  error).  According  to  Anderson  and  Woessner  (1992), 
a  mass  balance  error  of  around  1  percent  is  acceptable,  while  Konikow  (1978)  indicates 
an  error  of  less  than  0.1  percent  is  ideal. 

5.4.2  CAH  Plume  Calibration 

Model  input  parameters  affecting  the  distribution  and  concentration  of  the  simulated 
CAH  plume  were  modified  so  that  model  results  for  the  time  step  corresponding  to 
1996  were  similar  to  total  dissolved  CAH  concentrations  (expressed  as  pmol/L) 
measured  in  January  1996.  To  do  this,  model  runs  were  made  using  the  calibrated 
steady-state  hydraulic  parameters  coupled  with  the  introduction  of  contaminant  mass  in 
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the  area  of  the  model  corresponding  to  the  mobile  LNAPL  containing  chlorinated 
compounds.  Transport  model  calibration  was  achieved  by  varying  contaminant  source 
term  concentrations,  rates  of  source  concentration  decreases,  and  contaminant  transport 
parameters  in  the  model  in  a  trial  and  error  fashion  until  simulated  1996  CAH 
concentrations  were  similar  to  observed  concentrations.  The  calibrated  plume  is 
presented  on  Figure  5.5. 

Observed  January  1996  conditions  and  assumed  1965  conditions  (prior  to  initiation 
of  fire  training  activities)  were  used  for  model  calibration.  Groundwater  was  assumed 
to  be  clean  in  1965,  prior  to  initiation  of  fire  training  activities.  After  becoming 
operational,  it  was  assumed  that  CCFTA-2  (FT-17)  was  used  regularly  until  training 
activities  ceased  in  1985.  For  calibration  purposes,  a  constant  contaminant  source  term 
was  approximated  for  the  period  from  1965  to  1985.  Introduction  of  contaminants 
likely  varied  over  time,  but  it  is  not  possible  to  reconstruct  these  events.  After  1985,  it 
is  reasonable  to  assume  that  the  contamination  source  (residual  and  mobile  LNAPL  in 
the  subsurface)  began  to  decrease  in  strength  due  to  the  effects  of  leaching  and 
weathering  without  the  regular  introduction  of  fresh  product. 

To  simulate  this  history,  the  MT3D  transport  model  was  run  for  20  years  (1965  to 
1985)  with  a  “black  box”  source  term  introducing  CAH  mass  into  the  model  at  a 
constant  rate.  Beginning  in  simulation  year  21  and  continuing  to  simulation  year  31 
(calendar  years  1986  to  1996),  the  source  term  was  reduced  at  geometric  rates  of  6  to 
10  percent  per  year  (i.e.,  injected  CAH  concentrations  were  decreased  by  6  to  10 
percent  from  the  concentration  used  for  the  previous  year  to  account  for  natural 
weathering  of  LNAPL  and  residuals).  This  reduction  was  used  to  simulate  loss  oi 
CAH  mass  due  to  weathering  (and  without  replenishment  due  to  ongoing  activity),  and 
is  consistent  with  weathering  rates  modeled  at  other  sites  within  the  AFCEE  Intrinsic 
Remediation  Demonstration  program. 
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The  partitioning  of  CAH  compounds  from  residual  and  mobile  LNAPL  into  the 
groundwater  was  simulated  using  the  recharge  boundary  package  of  MT3D.  This 
package  assumes  that  mass  is  added  to  groundwater  via  recharge  moving  through  the 
unsaturated  zone.  Locations  of  recharge  source  cells  were  first  based  on  the  historical 
distribution  of  mobile  LNAPL  at  the  site,  but  calibration  of  the  plume  required  a 
slightly  smaller  modeled  source  area  than  indicated  by  the  known  extent  of  mobile 
LNAPL.  However,  the  simulated  source  area  roughly  coincides  with  the  areas  of 
greatest  LNAPL  thickness  and  with  the  western  end  of  the  drum  disposal  trench. 
Locations  of  the  source  cells  are  shown  on  Figure  5.1.  While  the  smaller  source  area 
appears  to  be  inconsistent  with  observed  LNAPL  data,  such  an  approach  is  reasonable 
given  the  “black  box”  approach  discussed  previously. 

The  primary  differences  between  the  simulated  and  measured  plumes  at  Site 
CCFTA-2  (FT- 17)  are  that  concentrations  along  the  plume  axis  are  higher  than  those 
observed  at  the  site,  and  that  the  southeastern  portion  of  the  plume  is  wider  than 
indicated  by  field  data.  One  reason  for  the  concentration  differences  along  the  plume 
axis  results  from  a  lack  of  field  data  that  clearly  define  the  plume  axis.  These  data 
could  not  be  collected  because  of  the  inaccessibility  of  the  area  northwest  of  well 
CCFTA2-9,  well  CCFTA2-5,  and  monitoring  point  MP3.  In  addition,  the  groundwater 
flow  field  in  the  model  is  not  identical  to  that  of  the  natural  system,  given  the 
calibration  error  and  that  a  dynamic  natural  system  is  being  represented  as  a  steady- 
state  system.  This  condition  also  explains  why  the  southwestern  edge  of  the  plume 
extends  further  to  the  southwest  than  observed  data  indicate.  Both  differences  result  in 
a  greater  mass  of  contamination  being  present  in  the  simulated  plume  than  indicated  by 
the  field  data.  This  makes  the  model  conservative  in  that  respect. 

Slightly  different  concentrations  calculated  for  model  cells  compared  to 
corresponding  wells  or  monitoring  points  result  partially  from  the  discretization  of  the 
system  into  cells  as  well  as  from  the  variations  noted  above.  For  example,  the 
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calculated  concentration  for  the  cell  containing  CCFTA-20S  is  12  pmol/L,  but  the 
measured  concentration  is  17  pmol/L.  However,  the  well  is  near  an  edge  of  its 
corresponding  model  cell,  and  the  adjoining  cell  has  a  simulated  concentration  of  22 
pmol/L.  Given  this,  the  simulated  concentrations  for  that  area  of  the  model  was 
considered  to  be  acceptable.  Conversely,  at  MP2,  the  observed  concentration  was 
about  20  pmol/L,  while  the  simulated  concentration  was  135  pmol/L.  Again,  the  well 
is  located  very  near  a  model  cell  edge  and  the  adjoining  cell  had  a  simulated 
concentration  of  10  pmol/L.  The  situation  is  somewhat  the  opposite  of  the  first 
example,  but  the  result  also  was  considered  to  be  acceptable.  At  monitoring  point 
MP4,  the  corresponding  model  cell  had  a  concentration  of  68  pmol/L  compared  to  the 
observed  87  pmol/L.  The  adjoining  model  cell  nearest  the  well  had  a  simulated 
concentration  of  103  pmol/L,  and  so  the  simulated  concentrations  in  that  area  were 
acceptable. 

Site  data  on  the  vertical  distribution  of  contaminants  (Section  4.3.6  and  Figure  4.5) 
suggested  that  most  of  the  contaminant  mass  is  in  the  upper  portion  of  the  aquifer,  with 
CAHs  detected  in  only  a  few  of  the  deep  wells  and  monitoring  points.  In  the  calibrated 
model,  some  contaminant  mass  is  present  in  the  second  model  layer,  especially  along 
the  centerline  of  the  plume  beneath  and  downgradient  of  the  source  area.  This  is 
consistent  with  the  observed  data,  and  in  general,  the  simulated  concentrations  in  the 
second  layer  are  higher  than  those  observed  in  the  field. 

As  noted  previously,  the  main  parameters  varied  during  the  calibration  were 
dispersivity,  the  degradation  rate  constant,  the  coefficient  of  retardation,  and  the  source 
concentrations.  The  following  paragraphs  briefly  discuss  how  these  parameters  were 
varied  and  the  rationale  behind  the  calibration  process. 
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5.4.2.1  Dispersivity 

Much  controversy  surrounds  the  concepts  of  dispersion  and  dispersivity. 
Longitudinal  dispersivity  was  originally  estimated  as  100  feet,  using  about  one-tenth 
the  distance  between  the  source  area  and  the  canal.  Results  of  initial  model  calibration 
runs  indicated  that  this  value  was  likely  too  high,  and  some  values  between  20  feet  and 
100  feet  would  cause  the  model  calculations  to  oscillate  and  produce  questionable 
results.  The  final  dispersivity  was  set  at  10  feet,  which  is  consistent  with  a  longitudinal 
dispersivity  value  of  13  feet  calculated  using  the  methods  described  by  Xu  and  Eckstein 
(1995). 

Transverse  dispersivity  values  generally  are  estimated  as  one-tenth  (0.1)  of  the 
longitudinal  dispersivity  values  (Domenico  and  Schwartz,  1990).  Vertical  dispersivity 
values  are  typically  lower  than  the  transverse  values,  so  it  was  assumed  for  this  model 
that  vertical  dispersivity  was  0.1  of  the  transverse  dispersivity.  During  plume 
calibration,  model  output  suggested  that  these  values  were  appropriate,  and  that  neither 
value  (especially  the  vertical  dispersivity)  significantly  affected  results. 

5.4.2.2  Biodegradation  Rate  Constant 

As  discussed  in  Section  4.5,  the  biodegradation  rate  constant  was  estimated  to  range 
from  0.00007  day'1  to  0.0005  day'1  on  the  basis  of  site  data.  This  parameter  was 
varied  during  plume  calibration,  and  the  calibrated  model  used  a  value  of  0.0009  day'1. 
Use  of  this  value  yielded  a  good  match  between  simulated  and  measured  CAH 
concentrations.  The  calibrated  value  is  slightly  greater  than  the  maximum  calculated 
rate.  This  higher  rate  may  have  been  required  because  CAH  degradation  is  in  reality  a 
multi-order  process,  dependent  on  several  variables;  however,  the  model  code  can  only 
accommodate  first-order  degradation  rates.  CAH  degradation  rates  are  typically 
highest  in  a  source  area  where  fuel  hydrocarbons  are  also  present,  but  methods 
available  for  estimating  first-order  rates  may  underpredict  source  area  degradation,  and 
therefore  require  a  higher  overall  rate  to  achieve  calibration. 
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Another  possible  reason  that  a  higher  simulated  biodegradation  rate  is  required  is 
that  the  calculated  rates  are  for  the  process  of  reductive  dechlorination  only,  while  VC 
and  DCE  can  be  mineralized  under  aerobic  conditions  and  VC  can  be  mineralized 
under  iron-reducing  conditions.  It  is  possible  that  these  processes  may  be  occurring  in 
some  portions  of  the  plume.  Geochemical  data  indicate  that  iron-reducing  conditions 
are  present,  and  it  is  likely  that  precipitation  events  introduce  oxygenated  groundwater 
to  the  system,  and  that  oxygen  facilitates  short-term  events  of  aerobic  mineralization  of 
VC  and  DCE.  The  simulated  rate  constant  may  therefore  be  appropriate  because 
additional  contaminant  mass  can  be  lost  through  these  processes. 

5.4.2.3  Coefficient  of  Retardation 

Retardation  of  CAHs  relative  to  the  advective  velocity  of  the  groundwater  occurs 
when  CAH  molecules  are  sorbed  to  organic  carbon  or  clay  in  the  aquifer  matrix. 
Based  on  measured  TOC  concentrations  near  the  water  table,  an  assumed  bulk  density 
of  1.6  grams  per  cubic  centimeter  (g/cc)  (typical  for  sediments  of  this  type),  and 
published  values  of  the  soil  sorption  coefficient  (K^)  for  the  CAH  compounds  (as 
summarized  in  Wiedemeier  et  al.,  1996c),  the  coefficients  of  retardation  for  the  CAH 
compounds  were  calculated.  The  results  of  these  calculations  are  summarized  in 
Appendix  C.  The  lower  the  assumed  coefficient  of  retardation,  the  faster  the 
contaminant  will  migrate  downgradient.  Although  the  retardation  coefficients  of  the 
CAH  compounds  can  vary  significantly,  the  model  allows  only  one  coefficient  to  be 
entered  because  the  model  tracks  only  one  solute.  As  a  result,  the  average  retardation 
coefficient  for  TCE  (2.6)  was  used  as  the  initial  model  input.  During  the  plume 
calibration,  this  value  was  varied,  and  a  value  of  2.1  (similar  to  the  average  retardation 
coefficient  calculated  for  DCE)  was  used  in  the  calibrated  model. 
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5.4.2.4  Source  Concentrations 

Nine  model  cells  were  used  to  simulate  the  source  area  in  which  CAHs  partition 
from  mobile  and  residual  LNAPL.  The  locations  and  CAH  concentrations  of  the 
source  cells  were  varied  until  the  calibrated  plume  matched  measured  conditions,  as 
described  previously.  As  noted  previously,  the  cell  configuration  best  used  to 
reproduce  the  observed  plume  is  shown  on  Figure  5.1.  Also,  the  best  results  were 
obtained  when  the  source  was  constant  for  the  first  20  years  of  the  calibration  period, 
with  concentrations  thereafter  decreasing  by  6  percent  per  year  to  10  percent  per  year. 
The  rate  at  which  the  concentrations  decreased  was  initially  6  percent,  increasing  to  10 
percent  over  the  last  11  years  of  the  calibration  period. 

5.5  SENSITIVITY  ANALYSIS 

The  purpose  of  a  sensitivity  analysis  is  to  demonstrate  model  responses  to  variations 
in  input  parameters  (Spitz  and  Moreno,  1996).  Results  of  a  sensitivity  analysis  can  be 
used  to  identify  sensitive  parameters  for  which  additional  data  collection  (if  feasible) 
would  be  most  useful.  For  the  CCFTA-2  (FT-17)  model,  the  sensitivity  analysis  was 
conducted  by  varying  dispersivity,  the  coefficient  of  retardation,  the 
degradation/dechlorination  rate  constant,  the  effective  porosity,  recharge,  and  aquifer 
hydraulic  conductivity.  Each  of  these  parameters  was  varied  individually  within  ranges 
indicated  by  available  site-specific  data  or  relevant  literature. 

To  perform  the  sensitivity  analyses,  the  calibrated  model  was  adjusted  by 
systematically  changing  the  aforementioned  parameters  individually,  and  then 
comparing  the  new  simulations  to  the  results  of  the  original  calibrated  model.  The 
models  were  run  for  a  31-year  period,  just  as  the  original  was,  so  that  the  independent 
effect  of  each  variable  could  be  assessed.  Sixteen  sensitivity  runs  of  the  calibrated 
model  were  performed,  with  the  changes  indicated  in  Table  5.2. 
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The  results  of  the  sensitivity  analyses  are  summarized  in  Table  5.2.  This  table 
illustrates  the  effect  of  varying  each  transport  parameter  by  showing  changes  in 
contaminant  concentrations  at  several  points  within  the  model  and  by  showing  changes 
in  isopleth  widths.  Contaminant  concentrations  were  examined  in  the  source  area  (in 
the  cell  containing  well  CCFTA2-9S)  and  at  the  downgradient  end  of  the  plume  (at  the 
cells  containing  well  CCFTA2-14  and  monitoring  point  MP-4,  and  by  determining  the 
highest  concentration  entering  the  canal).  The  isopleth  widths  were  measured  along 
model  column  16,  or  roughly  along  a  line  from  well  CCFTA2-15  to  well  CCFTA2- 
13A.  In  addition,  the  effects  of  varying  flow  parameters  were  also  assessed  by 
showing  changes  in  the  RMS  error. 

In  general,  most  of  the  changes  resulted  in  a  plume  configuration  that  does  not 
match  or  improve  upon  the  calibrated  plume,  as  suggested  by  the  comparisons  made  in 
Table  5.2.  One  change  in  flow  parameters  appeared  to  have  improved  upon  the 
calibration,  but  upon  closer  examination,  it  did  not.  When  recharge  was  decreased  to  1 
in/year,  the  RMS  error  dropped  and  the  plume  widths  and  concentrations  are  similar  to 
those  at  the  comparison  points  the  calibrated  model.  However,  at  other  points 
throughout  the  plume,  concentrations  were  not  comparable  with  those  in  the  calibrated 
model. 

Results  of  the  model  runs  for  the  sensitivity  analysis  show  that  the  model  is  most 
sensitive  to  changes  in  the  biodegradation  rate  constant.  It  is  also  sensitive  to  changes 
in  the  retardation  coefficient  and  the  effective  porosity,  both  of  which  control 
contaminant  velocity.  In  addition,  the  run  made  with  uniform  hydraulic  conductivity 
shows  that  the  hydraulic  conductivity  configuration  used  in  the  calibrated  model  is 
needed  to  reproduce  the  observed  plume  configuration.  Overall,  the  results  of  the 
sensitivity  analysis  suggest  that  the  parameters  selected  for  the  calibrated  model  are 
appropriate.  The  results  do  not  make  it  clear  if  the  solution  is  unique.  Given  the 
simplifying  assumptions  necessary  for  modeling  total  CAHs,  the  uniqueness  of  the 
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model  is  harder  to  determine  because  parameters  such  as  the  retardation  coefficient  and 
the  degradation  rate  constant  represent  a  compromise  among  the  varying  values  for  the 
different  individual  compounds. 

5.6  MODEL  PREDICTIONS 

After  calibration,  the  groundwater  flow  and  contaminant  transport  model  for 
CCFTA-2  (FT-17)  was  used  to  make  predictions  of  future  plume  behavior.  Two 
scenarios  were  simulated  to  estimate  future  groundwater  CAH  concentrations  and 
extents.  The  first  scenario  does  not  assume  source  removal,  in  order  to  provide  a 
baseline  illustration  of  the  effects  of  natural  attenuation  mechanisms.  This  scenario 
assumes  that  the  source  of  CAHs  diminishes  by  10  percent  per  year  (geometrically), 
consistent  with  the  rate  of  source  decrease  used  to  produce  the  calibrated  model.  The 
second  scenario  assumed  that  just  prior  to  the  beginning  of  model  year  1998,  the  source 
is  instantly  reduced  to  10  percent  of  the  final  calibrated  strength.  After  model  year 
1998,  the  remaining  source  strength  is  diminished  by  10  percent  per  year  (again, 
geometrically).  This  scenario  was  devised  to  illustrate  the  effects  of  source  removal, 
assuming  that  a  small  amount  of  residual  LNAPL  will  remain  after  excavation, 
resulting  in  a  greatly  diminished  residual  source  that  gradually  weathers  away. 

To  run  these  models,  the  calibrated  model  was  used  as  a  starting  point  and 
additional  time  steps  were  added.  During  those  time  steps,  parameters  affecting 
groundwater  flow  were  not  changed,  and  only  the  source  terms  of  the  contaminant 
transport  portions  of  the  models  were  changed,  as  described  above.  Both  scenarios 
were  run  to  predict  conditions  70  years  beyond  the  1996  ending  time  of  the  calibrated 
model. 

Results  of  these  models  are  summarized  in  Section  6,  and  are  interpreted  in  light  of 
the  interim  remedial  actions  that  have  been  implemented  at  or  are  planned  for  Site 
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CCFTA-2  (FT- 17).  The  discussion  in  Section  6  is  intended  to  illustrate  the  role  natural 
attenuation  may  play  as  part  of  a  site  remediation  strategy. 
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SECTION  6 


EVALUATION  OF  RNA  AS  A  COMPONENT  OF  SITE 

REMEDIATION 

This  section  presents  modeling  results  as  they  relate  to  the  other  remedial 
technologies  to  be  implemented  at  Site  CCFTA-2  (FT- 17)  at  Cape  Canaveral  AS. 
Because  two  remedial  actions  are  already  in  place  or  planned  for  the  site,  the  intent  of 
this  evaluation  is  to  present  and  interpret  model  results  in  a  manner  that  will  help  assess 
whether  RNA  is  appropriate  for  dissolved  contamination  in  site  groundwater. 

6.1  SUMMARY  OF  PLANNED  REMEDIAL  ACTIONS 

Typically  in  this  section  of  the  report,  multiple  remedial  alternatives  for  the  site 
would  be  developed  and  compared  in  terms  of  effectiveness,  technical  and 
administrative  implementability,  and  cost.  The  comparison  would  include  factors 
influencing  alternatives  development,  such  as  the  objectives  of  the  AFCEE  Intrinsic 
Remediation  Demonstration  program,  contaminant  properties,  site  geology  and 
hydrogeology,  contaminant  properties,  potential  receptor  exposure  pathways,  and 
remediation  goals.  However,  these  topics  have  been  addressed  in  the  FS  that  evaluates 
numerous  remedial  technologies  for  CCFTA-2  (FT-17)  (OBG,  1995b),  and  in  the 
EE/CA  addressing  the  air  sparging  and  excavation/soil  washing  IRAs  (OBG,  1995a). 
On  the  basis  of  the  work  done  for  these  documents,  a  set  of  interim  measures  (IMs) 
have  been  developed  to  reduce  and  attempt  to  reduce  VOC  concentrations  in 
groundwater  discharging  to  the  drainage  canal  and  the  Banana  River  (OBG,  1996b). 

The  IM  effort  is  a  three-phased  approach,  consisting  of:  1)  a  system  to  intercept  and 
reduce  VOC  concentrations  in  the  groundwater  plume  before  discharge  to  surface 
water;  2)  removal  of  soil  and  LNAPL  sources  of  groundwater  contamination;  and  3) 
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treatment  and  remediation  of  remaining  groundwater  contamination  within  and 
downgradient  from  the  site  (OBG,  1996b).  Specifically,  the  following  actions  have 
been  implemented  or  are  scheduled  for  implementation: 

•  A  HASS  has  been  installed  parallel  to  Titan  III  Road  (Figure  1.3)  to  intercept  and 
volatilize  the  shallow  VC  plume.  This  system,  which  is  designed  to  reduce  VC 
concentrations  in  groundwater  migrating  above  the  sparge  line  to  50  pg/L,  was 
installed  in  late  1996  (OBG,  1997). 

•  Soil  and  mobile  LNAPL  will  be  removed  from  the  area  of  the  burn  pit  and  the 
drum  disposal  trench.  This  action  is  scheduled  for  mid-1997.  Soil  (including  the 
LNAPL)  will  be  excavated  and  treated  on  site  via  soil  washing,  then  returned  to 
the  excavation. 

•  Treatment  and  remediation  of  remaining  groundwater  contamination:  The  use  of 
RNA  to  address  this  issue  will  be  evaluated  in  this  section  by  presenting  model 
results  for  dissolved  contamination  that  consider  RNA  alone  and  in  conjunction 
with  effects  of  the  other  IMs. 

Because  the  first  two  measures  have  already  been  implemented  or  planned,  the  primary 
focus  of  this  section  is  to  present  the  model  predictions  and  how  those  results  can  be 
used  to  interpret  the  effects  of  RNA  in  conjunction  with  those  measures. 

Implementation  of  the  engineered  remedial  actions  described  above  will  likely 
increase  the  rates  at  which  contaminants  are  removed  from  groundwater  in  the  vicinity 
of  the  canal.  Installation  of  the  HASS  will  aid  in  removal  of  VC  before  groundwater 
discharges  to  the  canal.  In  addition  to  volatilizing  and  stripping  VC  from  groundwater, 
the  added  oxygen  could  create  conditions  favorable  for  microbially  mediated  aerobic 
oxidation  of  VC  and  DCE  (i.e.,  those  compounds  would  be  used  as  electron  donors  or 
substrates). 
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Overall,  the  HASS  will  likely  prevent  concentrations  of  the  CAHs  exceeding 
regulatory  limits  from  reaching  surface  water  and  associated  receptors.  Source 
removal  will  decrease  the  mass  of  TCE  entering  site  groundwater;  however,  it  will  also 
reduce  the  mass  of  petroleum  hydrocarbons  entering  site  groundwater.  By  decreasing 
the  mass  of  available  electron  donors,  reductive  dehalogenation  of  CAHs  may  slow. 
Whether  the  loss  of  electron  donors  will  be  balanced  by  the  decreased  mass  of  CAHs 
entering  groundwater  is  difficult  to  predict;  such  scenarios  have  not  been  studied  or 
reported  in  the  literature.  It  is  also  possible  that  excavation  activities  will  temporarily 
oxygenate  groundwater  in  the  vicinity  of  the  source,  and  this  may  affect  CAH 
biodegradation.  Nevertheless,  once  the  source  of  TCE  is  eliminated,  most  of  the 
remaining  dissolved  contaminant  mass  will  be  DCE  and  VC,  which  can  be  aerobically 
degraded  or  volatilized  within  the  oxidized  zone  created  by  the  HASS. 

As  discussed  in  the  IM  Work  Plan  for  CCFTA-2  (FT-17)  (OBG,  1996b),  the  goal  of 
the  IM  (i.e.,  the  HASS  and  the  excavation/soil  washing)  is  to  reduce  the  concentration 
of  VOCs  in  groundwater  to  50  pg/L,  in  turn  reducing  concentrations  of  contaminants 
in  surface  water  to  acceptable  levels.  Therefore,  evaluation  of  model  results  will 
primarily  focus  on  the  time  needed  to  reach  that  goal  (i.e.,  the  time  at  which  CAH 
concentrations  greater  than  50  pg/L  no  longer  migrate  beyond  the  HASS).  Simulation 
of  the  HASS  itself  was  not  attempted  because  MT3D  cannot  readily  approximate  such  a 
system. 

6.2  MODEL  RESULTS 

As  noted  in  Section  5.6,  two  predictive  model  scenarios  were  set  up  and  run  using 
the  calibrated  model.  The  first  scenario  (model  SR10)  was  designed  with  the 
assumption  that  the  contaminant  source  would  continue  to  weather  at  a  rate  of  10 
percent  per  year  (geometrically).  This  represents  the  case  in  which  the  CAH  source 
area  at  CCFTA-2  (FT-17)  is  not  excavated.  This  was  done  to  provide  a  base  case  for 
illustrating  the  effects  of  natural  attenuation  alone  (i.e.,  without  any  source  removal). 
The  second  scenario  (model  SR90)  was  created  with  the  assumption  that  excavation 
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would  be  completed  just  before  the  beginning  of  the  model  year  1998,  and  that  this 
action  would  remove  90  percent  of  the  remaining  source.  For  the  following  time  steps, 
it  was  assumed  that  the  remaining  source  would  weather  at  the  rate  of  10  percent  per 
year.  Both  models  assume  that  the  first-order  rate  of  reductive  dehalogenation  does  not 
change  with  time,  and  that  the  supply  of  electron  donors  is  sufficient  to  sustain 
reducing  conditions  for  an  indefinite  period  of  time. 

In  place  of  maps  showing  CAH  plumes  predicted  by  the  model,  graphs  of 
concentration  trends  will  be  used  to  illustrate  model  results  in  this  section.  The  models 
were  set  up  to  track  concentrations  in  cells  corresponding  to  the  HASS,  using  the 
simulated  observation  wells  shown  on  Figure  6.1.  At  the  end  of  each  transport  time 
step,  the  computed  concentrations  were  written  to  a  file,  facilitating  construction  of 
graphs  illustrating  concentration  changes  'over  time  in  the  cells  containing  the 
observation  wells.  This  was  done  to  more  directly  track  the  contaminant 
concentrations  entering  the  HASS. 

As  noted  on  Figure  6.1,  three  cells  consistently  contained  the  highest  CAH 
concentrations  (i.e.,  they  intersected  the  plume  centerline).  Concentration  trends  from 
these  wells  were  used  to  interpret  the  time  required  for  dissolved  CAH  concentrations 
to  drop  below  thresholds  of  0.8  pmoles/L  and  0.4  pmoles/L.  These  values  were 
selected  because  they  correspond  to  50  pg/L  of  VC  and  TCE,  respectively  [as  noted  in 
Section  6.1,  the  goal  of  the  combined  IM  is  to  reduce  VOC  concentrations  (consisting 
mostly  of  VC)  below  50  pg/L] .  VC  has  the  lowest  molecular  weight  of  the  CAHs  at 
CCFTA-2  (FT-17),  and  TCE  has  the  highest  molecular  weight.  Therefore,  using  these 
two  thresholds  will  bracket  the  range  of  time  required  to  attain  the  remediation 
objectives. 

Additional  model  results  are  presented  in  Appendix  E.  Specifically,  predictive 
plume  maps  are  presented  to  illustrate  the  simulated  changes  in  the  areal  extent  and 
concentration  of  the  CAH  plume  over  time  for  each  scenario. 
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6.2.1  Model  SR10 


As  noted  previously,  model  SR10  was  run  to  simulate  the  effects  of  continued 
source  weathering,  assuming  no  source  remediation.  Simulated  source  concentrations 
were  decreased  by  10  percent  per  year  (geometrically).  Model  concentration  trends  for 
the  three  centerline  wells  are  presented  on  Figures  6.2  and  6.3,  and  maps  of  the  CAH 
plume  at  selected  times  are  presented  in  Appendix  E.  These  trends  are  plotted  as 
moving  averages  of  20  consecutive  points  of  the  model  output.  This  was  done  because 
the  MT3D  code  computes  optimal  time  steps  for  the  simulation  such  that  certain 
criteria  are  met  to  ensure  stability  of  the  numerical  approximation  to  the  solution  of  the 
transport  equation.  As  a  result,  for  this  model,  there  were  nearly  1,800  individual  time 
steps  for  which  concentrations  were  recorded.  Despite  the  number  of  time  steps,  there 
are  still  some  significant  fluctuations  in  the  calculated  concentrations,  which  is  not 
unusual  for  a  numerical  transport  model.  Using  the  moving  average  makes  the 
concentration  histories  much  clearer  and  easier  to  view. 

Figure  6.2  shows  the  trends  for  the  full  simulation,  starting  at  a  time  of  0  days 
(corresponding  to  model  year  1965),  while  Figure  6.3  shows  a  detail  view  of  the  same 
curves  for  the  period  between  the  model  years  2035  to  2066.  As  shown  on  Figure  6.3, 
the  highest  simulated  total  CAH  concentrations  drop  below  0.8  pmol/L  at  the  model 
time  step  corresponding  to  the  year  2043  (or  about  46  years  from  1997).  Those 
concentrations  drop  below  0.4  pmol/L  after  about  another  6  to  7  years,  or  about  52  to 
53  years  from  1997. 

Concentrations  in  the  source  area  also  decrease  over  the  duration  of  the  70-year 
predictive  model,  but  they  do  not  drop  below  the  0.4-pmol/L  threshold.  At  the  end  of 
the  simulation,  the  highest  remaining  CAH  concentration  is  0.77  pmol/L.  This  is 
equivalent  to  48  pg/L  of  VC  or  101  pg/L  of  TCE.  While  the  model  time  frame  was 
not  long  enough  to  determine  when  total  CAH  concentrations  in  the  source  area 
dropped  below  0.4  pmol/L  (or  50  pg/L  of  TCE),  the  concentrations  will  continue  to 
decrease  as  the  source  weathers.  The  SR10  model  was  not  run  for  more  than  70  years 

6-6 

I:\PROJECTS\722450\CAPE\9.DOC 


s«  s 

>  p* 

(/J  I z> 

g  i-J 
O  W 

Cfl  . 

II  i 

£  |  § 

g  5ieg 

o  w  |  s 

nuM2< 

VO  HH  H  ^  H 

S«o  =  2 


o  £  E  « 

Hsy$ 


e  u  5 

5  u  | 
o  3 

&<  u 


P  H 

s  « 


>“l  -M 

0  t» 

J  H 

r 

w 

Q 


n 


Year 


of  predictive  time  because  the  source  area  will  be  excavated  and  there  was  no  need  to 
provide  a  comparison  model  with  a  longer  time  frame  than  model  SR90  (which 
simulates  the  effects  of  source  treatment). 

6.2.2  Model  SR90 

Model  SR90  was  run  to  simulate  the  effects  of  source  remediation  via  excavation 
and  soil  washing.  To  do  so,  the  model  was  set  up  assuming  that  90  percent  of  the 
source  was  instantly  removed  just  prior  to  the  simulation  time  step  corresponding  to 
1998.  Following  the  source  removal,  the  remaining  source  is  assumed  to  weather  at 
the  same  rate  as  in  model  SR10,  or  10  percent  per  year  (geometrically).  Model 
concentration  histories  for  the  three  centerline  wells  are  presented  on  Figures  6.4  and 

6.5.  Again,  the  moving  average  method  was  used  to  make  the  concentration  histories 
more  readable.  Maps  of  the  predicted  plume  at  10-year  intervals  are  presented  in 
Appendix  E. 

Figure  6.4  shows  the  trends  for  the  full  simulation,  starting  at  a  time  of  0  days 
(corresponding  to  model  year  1965),  while  Figure  6.5  shows  a  detail  view  of  the  same 
curves  for  the  period  corresponding  to  model  years  2009  to  2035.  Due  to  the  source 
removal,  concentrations  drop  more  rapidly  than  in  model  SR10.  As  shown  on  Figure 

6.5,  the  highest  total  simulated  CAF1  concentrations  passing  through  the  HASS  drop 
below  0.8  pmol/L  in  the  time  step  corresponding  to  the  year  2023  (or  about  26  years 
from  1997).  Those  concentrations  drop  below  0.4  pmol/L  after  about  another  5.5  to  6 
years,  or  in  the  time  step  corresponding  to  the  years  2028  to  2029.  Total  CAH 
concentrations  in  the  source  area  drop  below  0.4  pmol/L  after  about  60  years  of 
simulation  time  and  below  0.1  pmol/L  (about  6.3  pg/L  of  VC  or  13  pg/L  of  TCE) 
after  about  65  years  of  simulation  time  for  this  scenario. 

6.3  DISCUSSION 

The  model  results  suggest  that  natural  attenuation  of  CAHs  dissolved  in  groundwater 
at  CCFTA-2  (FT-17),  in  conjunction  with  source  removal  and  plume  containment  IMs, 
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is  capable  of  reducing  dissolved  contaminant  concentrations  to  desired  standards  given 
sufficient  time.  As  illustrated  by  model  SR10,  were  the  source  area  not  to  be 
remediated,  the  time  needed  to  ensure  that  standards  are  met  upgradient  from  the  canal 
is  on  the  order  of  46  to  53  years  from  the  present.  When  source  remediation  (i.e., 
excavation  and  soil  washing)  is  factored  into  the  model  (model  SR90),  the  necessary 
time  drops  to  26  to  32  years.  Because  the  concentration  trends  were  tracked  at  the 
approximate  location  of  the  HASS,  these  results  suggest  that  if  RNA  is  implemented 
for  dissolved  contamination  in  groundwater  at  CCFTA-2  (FT-17),  the  HASS  will  likely 
have  to  remain  in  operation  for  about  26  to  32  years  in  order  to  prevent  VOC 
concentrations  that  exceed  standards  from  reaching  surface  water.  While  unlikely,  if 
source  remediation  is  not  implemented,  the  standards  would  not  be  met  in  the  vicinity 
of  the  HASS  for  46  to  53  years. 

For  concentrations  in  the  source  area  to  drop  below  standards  will  take  longer,  or 
just  over  60  years  if  the  source  is  removed  and  well  over  70  years  if  the  source  is  not 
remediated.  These  results  point  out  the  importance  of  source  remediation  for 
accelerating  the  time  frame  within  which  RNA  can  be  used  to  meet  site  remediation 
goals.  This  is  consistent  with  observations  made  at  over  45  sites  at  which  the  AFCEE 
natural  attenuation  protocols  (Wiedemeier  et  al.,  1995  and  1996c)  have  been 
implemented.  Therefore,  assuming  the  contaminant  source  at  CCFTA-2  (FT-17)  is 
remediated,  that  the  HASS  is  left  in  operation,  and  that  a  26-  to  32-year  time  frame  is 
acceptable,  RNA  is  a  viable  option  for  remediation  of  dissolved  contamination 
throughout  the  plume  at  CCFTA-2  (FT-17). 

As  noted  previously,  these  modeled  estimates  assume  that  that  the  supply  of  electron 
donors  is  sufficient  to  maintain  reductive  dehalogenation  and  that  biodegradation  rates 
do  not  change  with  time.  Neither  the  available  analytical  methods  nor  the  current 
understanding  of  these  processes  are  sufficient  to  provide  data  for  resolving  these 
issues.  The  validity  of  these  assumptions  can  only  be  tested  over  time  by  monitoring 
concentrations  of  dissolved  contaminants  and  other  geochemical  parameters.  At 
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CCFTA-2  (FT- 17),  the  concentrations  of  dissolved  BTEX  (which  provides  electron 
acceptors)  in  groundwater  are  low  and  will  likely  decrease  further  after  soil  excavation 
and  soil  washing  is  implemented.  However,  it  appears  that  some  native  organic  carbon 
in  aquifer  soil  is  being  used  as  a  source  of  electron  donors.  Whether  the  native  organic 
matter  or  remaining  residual  fuel  hydrocarbons  will  be  sufficient  to  foster  continuing 
reductive  dehalogenation  remains  to  be  determined.  Therefore,  as  at  all  sites,  data 
from  an  LTM  program  are  essential  for  ultimately  verifying  the  viability  and  efficacy 
of  RNA. 

To  account  for  these  uncertainties,  conservative  (yet  realistic)  assumptions  were 
used  for  the  construction  of  the  groundwater  flow  and  contaminant  transport  models 
and  for  selection  and  calculation  of  site-specific  model  parameters.  In  addition,  where 
site-specific  data  were  not  available,  conservative  estimates  based  on  literature  values 
were  used.  As  a  result,  under  the  given  assumptions  the  model  results  should  be 
conservative  (i.e.,  model  results  may  overpredict  contaminant  concentrations  and  the 
time  needed  to  meet  site-specific  criteria).  If  the  assumptions  do  not  hold  true,  then  the 
conservative  nature  of  the  modeling  results,  in  conjunction  with  an  LTM  plan,  will 
allow  sufficient  time  for  the  evaluation  and  implementation  of  additional  remedial 
actions. 
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SECTION  7 


LONG-TERM  MONITORING 


7.1  OVERVIEW 

The  following  long-term  groundwater  monitoring  plan  proposed  for  CCFTA-2  (FT- 
17)  was  developed  to  allow  assessment  of  site  conditions  over  time,  confirm  the 
effectiveness  of  naturally  occurring  processes  in  reducing  dissolved  contaminant  mass 
and  minimizing  dissolved  contaminant  migration,  and  facilitate  evaluation  of  the  need 
for  additional  remediation.  This  plan  is  designed  on  the  basis  of  goals  and  strategies 
developed  as  part  of  the  AFCEE  Intrinsic  Remediation  Demonstration  program  and  set 
forth  in  the  AFCEE  Technical  Protocols  (Wiedemeier  et  al.,  1995  and  1996c).  As 
such,  it  may  not  account  for  all  the  site-specific  monitoring  requirements  that  may  arise 
as  a  result  of  air  sparging  and  source  excavation  activities.  This  plan  has  been 
prepared  with  the  intent  of  recommending  sampling  locations  and  protocols  for 
observing  and  evaluating  changes  in  long-term  dissolved  contaminant  concentrations 
and  attenuation  rates.  It  is  assumed  that  this  plan  will  be  integrated  with  other 
monitoring  plans  that  are  part  of  the  engineered  remedial  actions  at  the  site. 

Long-term  monitoring  is  an  important  element  of  RNA.  The  LTM  plan  consists  of 
identifying  the  locations  of  LTM  wells  and  developing  a  groundwater  and  surface  water 
sampling  and  analysis  strategy  to  demonstrate  attainment  of  site-specific  concentration 
goals  (Section  6.1),  to  develop  a  historical  database  that  conclusively  demonstrates  the 
continuing  effectiveness  of  RNA,  and  to  verify  the  predictions  of  the  numerical 
contaminant  fate  and  transport  model.  As  with  previous  discussions  in  Sections  4,  5 
and  6,  this  plan  will  focus  on  CAHs,  owing  to  the  low  dissolved  concentrations  of 
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BTEX  remaining  in  site  groundwater.  The  strategy  described  in  this  section  is 
designed  to  monitor  plume  behavior  over  time  and  to  verify  that  natural  processes  (in 
conjunction  with  engineered  actions)  are  adequately  reducing  contaminant 
concentrations  and  thus  protecting  potential  receptors.  In  the  event  that  data  collected 
under  this  LTM  program  indicate  that  the  planned  combination  of  naturally  occurring 
processes  and  engineered  remedial  actions  is  insufficient  to  protect  human  health  and 
the  environment,  contingency  controls  to  more  aggressively  remediate  the  dissolved 
CAH  plume  may  be  necessary. 

7.2  GROUNDWATER  MONITORING  NETWORK 

Long-term  monitoring  of  groundwater  from  a  minimum  of  8  wells  and/or 
monitoring  points  within  or  on  the  periphery  of  the  CAH  plume  is  recommended 
(Figure  7.1).  These  wells  and  points  include  MP1S,  CCFTA2-9S,  MP3,  MP6, 
CCFTA2-21S,  CCFTA2-20S,  MP4S,  and  MP5.  If  CCFTA2-9S  is  removed  during 
source  area  excavation,  a  replacement  sampling  point  should  be  installed  at  or  near  the 
same  location.  Data  on  a  map  of  the  HASS  provided  by  OBG  (1997)  indicate  that 
several  new  monitoring  wells  have  been  installed  since  the  field  work  for  this 
evaluation  was  completed  in  January  1996.  Some  of  these  wells  (e.g.,  CCFTA2-27, 
CCFTA2-24,  and  CCFTA2-25)  appear  to  be  near  the  locations  of  monitoring  points 
MP4S,  MP5,  and  MP6,  respectively.  These  wells  could  be  used  for  LTM  in  place  of 
the  monitoring  points.  MP1S  is  upgradient  from  the  CAH  plume,  and  CCFTA2-9S, 
MP3,  and  MP6  are  along  a  flow  path  from  the  source  area  to  the  HASS.  The 
remaining  wells/points  are  at  the  plume  margins  or  along  the  upgradient  bank  of  the 
canal. 

The  wells/points  suggested  for  LTM  were  chosen  to  provide  a  range  of  information 
on  site  groundwater  conditions.  MP1S  was  chosen  to  provide  a  location  for  collecting 
background  geochemical  data  for  comparison  to  conditions  within  the  CAH  plume,  and 
to  monitor  any  changes  in  background  conditions.  Data  from  wells/points  along  the 
flow  path  from  the  source  area  to  the  HASS  will  help  monitor  changes  in  contaminant 
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concentrations  through  time,  as  well  as  providing  data  that  can  be  used  to  evaluate 
CAH  degradation  rates  through  time.  Samples  from  CCFTA2-21S  and  MP6  will  allow 
monitoring  of  contaminant  concentrations  entering  the  HASS,  while  samples  from 
CCFTA2-20S,  MP4S,  and  MP5  will  allow  monitoring  of  concentrations  downgradient 
from  the  HASS  and  discharging  to  surface  water. 

Periodic  sampling  of  these  wells  will  allow  continuing  evaluation  of  the  effectiveness 
of  RNA  (and  the  other  remedial  actions  as  well)  at  reducing  CAH  concentrations  prior 
to  groundwater  discharge  to  surface  water.  In  addition,  the  LTM  results  can  be 
compared  to  model-predicted  concentrations  to  assess  whether  the  numerical  model  has 
accurately  simulated  plume  migration  over  time. 

7.3  SURFACE  WATER  MONITORING 

Continued  sampling  of  surface  water  in  the  canal  is  recommended  at  five  locations 
(Figure  7.1),  generally  adjacent  to  or  downgradient  from  monitoring  wells  that  are 
concurrently  sampled.  Sampling  at  such  locations  will  allow  a  more  direct  evaluation 
of  changes  in  contaminant  concentrations  as  groundwater  discharges  to  surface  water. 

7.4  ANALYTICAL  PROTOCOL 

All  LTM  wells  specified  above  should  be  sampled  and  analyzed  to  determine 
compliance  with  chemical-specific  remediation  goals  and  to  verify  the  effectiveness  of 
remediation  at  the  site.  Groundwater  level  measurements  should  be  made  during  each 
sampling  event.  Groundwater  samples  from  LTM  wells  should  be  analyzed  for  the 
parameters  listed  in  Table  7.1.  Surface  water  samples  should  be  analyzed  for  VOCs 
using  USEPA  Method  SW8260.  A  site-specific  sampling  and  analysis  plan  (SAP) 
should  be  prepared  as  part  of  a  remedial  action  plan  (in  compliance  with  site-specific 
goals  and  regulatory  requirements)  prior  to  initiating  the  LTM  program. 
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TABLE  7.1 

LONG-TERM  GROUNDWATER  MONITORING  ANALYTICAL  PROTOCOL 

CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 
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TABLE  7.1  (concluded) 

LONG-TERM  GROUNDWATER  MONITORING  ANALYTICAL  PROTOCOL 

CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 
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7.5  SAMPLING  FREQUENCY 


Under  the  current  remedial  strategy  (air  sparging  and  source  excavation/soil 
treatment),  total  dissolved  CAH  concentrations  in  excess  of  the  50-pg/L  threshold 
concentration  may  be  present  far  enough  downgradient  from  the  source  area  to 
discharge  to  surface  water  for  up  to  32  years.  In  the  source  area,  total  dissolved  CAH 
concentrations  exceeding  50  pg/L  may  be  present  for  50  to  60  years.  Annual 
monitoring  for  the  first  15  to  20  years  should  provide  sufficient  information  to  assess  if 
RNA  (and  other  remedial  actions)  are  sufficiently  reducing  dissolved  contaminant 
concentrations.  After  that  time,  or  after  groundwater  contaminant  concentrations 
adjacent  to  surface  water  and/or  upgradient  of  the  HASS  drop  below  50  pg/L  (and 
potentially,  the  HASS  is  shut  off),  the  sampling  frequency  could  be  reduced  to  once 
every  2  years. 

Source  area  LTM  may  need  to  continue  for  50  to  60  years,  depending  upon  the 
ultimate  remediation  goals  set  for  groundwater  in  that  area.  However,  once  LTM  data 
indicate  that  CAH  concentrations  discharging  to  surface  water  are  acceptable  and 
continuing  to  decline,  source-area  monitoring  intervals  could  be  reduced  even  further 
(e.g.,  once  every  3,  4,  or  5  years). 

The  ultimate  (comprehensive)  LTM  plan  prepared  for  CCFTA-2  (FT- 17)  should  be 
periodically  reviewed  and  revised  as  appropriate  on  the  basis  of  available  groundwater 
and  surface  water  quality  data.  For  example,  if  LTM  data  indicate  that  the  plume  has 
stabilized  or  is  receding,  and  that  CAH  concentrations  are  diminishing  faster  than 
predicted,  then  the  sampling  frequency  could  be  reduced  at  that  time.  If  the  data 
collected  at  any  time  during  the  monitoring  period  indicate  the  need  for  additional 
remedial  activities  at  the  site,  sampling  frequency  should  be  adjusted  accordingly. 
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SECTION  8 

CONCLUSIONS  AND  RECOMMENDATIONS 


Results  of  this  TS  indicate  that  RNA  is  a  viable  alternative  for  treatment  of  fuel- 
hydrocarbon-  and  CAH-contaminated  groundwater  in  the  vicinity  of  site  CCFTA-2  (FT-17) 
at  Cape  Canaveral  Air  Station,  Florida.  RNA  will  not  be  the  sole  remedy  for  site 
remediation;  the  HASS  has  been  installed  to  reduce  CAH  concentrations  that  discharge  to 
surface  water,  and  source  area  excavation  and  soil  washing  is  planned.  Both  of  these 
actions  will  complement  the  effects  of  RNA  by  reducing  the  mass  of  contaminants  entering 
groundwater  and  discharging  to  surface  water. 

Comparison  of  CAH,  BTEX,  electron  acceptor,  and  byproduct  data  provides  strong 
evidence  that  CAHs  dissolved  in  groundwater  at  CCFTA-2  (FT-17)  are  being  reductively 
dechlorinated  (i.e.,  utilized  as  electron  acceptors)  as  fuel  hydrocarbons  and  native  organic 
carbon  are  consumed  as  substrates  for  microbial  life  processes.  Microbial  consumption  of 
fuel  hydrocarbons  (e.g.,  BTEX)  is  sufficient  to  keep  BTEX  concentrations  in  groundwater 
at  or  below  330  pg/L,  despite  the  presence  of  mobile  LNAPL.  Consumption  of  fuel 
hydrocarbons  also  produces  conditions  that  are  sufficiently  reducing  for  biodegradation  of 
CAHs  to  proceed.  Reductive  dechlorination  is  occurring  to  the  extent  that  TCE  entering 
groundwater  from  the  LNAPL  is  altered  so  rapidly  that  the  molar  concentration  of  DCE 
beneath  the  LNAPL  is  more  than  8  times  the  TCE  concentration  (Figure  8.1). 
Downgradient  from  the  source,  DCE  is  dechlorinated  to  form  VC  at  a  relatively  rapid 
pace,  and  the  VC  is  more  slowly  dechlorinated  to  ethene.  This  is  also  shown  on  Figure 
8.1,  with  VC  concentrations  steadily  increasing  downgradient  from  the  source  area,  and 
with  low  concentrations  of  ethene  produced  as  well.  Figure  8.1  also  illustrates  that 
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dechlorination  rates  are  greatest  in  the  source  area  (where  TCE  is  altered  to  DCE),  and 
slowest  downgradient  (where  VC  accumulates  and  only  low  concentrations  of  ethene  are 
produced). 

Site-specific  geologic,  hydrologic,  and  laboratory  analytical  data  were  used  to  create  a 
numerical  groundwater  flow  and  solute  transport  model  (using  the  codes  MODFLOW  and 
MT3D)  to  simulate  the  effects  of  advection,  dispersion,  sorption,  and  biodegradation  on 
the  fate  and  transport  of  the  dissolved  CAH  plume.  Extensive  site-specific  data  were  used 
for  model  calibration.  Model  parameters  that  could  not  be  obtained  from  existing  site  data 
were  estimated  using  reasonable  literature  values  for  aquifer  materials  similar  to  those 
found  at  the  site.  After  calibration,  two  predictive  scenarios  were  run  to  assess  the  time 
frame  within  which  total  CAH  concentrations  crossing  the  HASS  (and  that  could  discharge 
to  surface  water)  would  drop  below  50  pg/L 

For  one  simulation  (model  SR10),  it  was  assumed  that  CAH  dissolution  from  source 
area  LNAPL  and  soils  into  groundwater  would  naturally  decrease  at  a  rate  of  10  percent 
per  year  (each  concentration  was  decreased  by  a  factor  equal  to  10  percent  of  the  previous 
year’s  concentration).  The  results  of  this  model  suggest  that  CAH  concentrations  that 
could  migrate  beyond  the  location  of  the  HASS  would  drop  below  50  pg/L  after  46  to  53 
years,  although  source  area  concentrations  would  exceed  50  pg/L  for  more  than  70  years. 
The  second  simulation  (model  SR90)  assumes  that  source  excavation  and  soil  washing 
would  immediately  reduce  source  loading  by  90  percent,  with  the  remaining  source 
weathering  at  a  rate  of  10  percent  per  year.  Results  of  this  model  suggest  that  CAH 
concentrations  that  could  migrate  beyond  the  location  of  the  HASS  would  drop  below 
50  pg/L  after  26  to  32  years,  and  that  source  area  concentrations  would  drop  below  50 
pg/L  after  about  60  years. 

Model  results  are  based  on  the  assumption  that  CAH  biodegradation  rates  will  not 
change  over  time.  This  depends  upon  the  amount  of  organic  carbon  that  is  available  for 
use  as  a  microbial  substrate.  Therefore,  as  BTEX  and  native  carbon  is  consumed, 
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reductive  dechlorination  rates  could  decrease.  However,  it  is  possible  that  VC  could  be 
consumed  as  a  substrate  under  reducing  conditions,  and  should  conditions  become 
sufficiently  oxidizing,  both  VC  and  DCE  could  be  consumed  as  microbial  substrates. 
Because  most  of  the  CAH  mass  dissolved  in  groundwater  is  VC  and  DCE  (Figure  8.1), 
microbial  utilization  of  DCE  and  VC  as  substrates  may  become  a  more  important 
mechanism  of  CAH  degradation  over  time,  particularly  because  source  area  remediation 
will  greatly  reduce  or  eliminate  the  flux  of  TCE  into  site  groundwater.  Consumption  of 
VC  and  DCE  as  substrates  may  also  be  fostered  in  the  area  of  the  HASS,  where  conditions 
will  be  relatively  oxidizing  due  to  the  introduction  of  oxygen. 

Predicting  which  mechanisms  will  ultimately  dominate  at  the  site  is  difficult,  given  the 
current  understanding  of  CAH  biodegradation  at  the  field  scale.  As  a  result,  LTM  is  a 
necessary  component  for  the  implementation  of  RNA.  To  verify  that  natural  attenuation 
mechanisms  will  continue  to  reduce  contaminant  concentrations,  LTM  involving  annual 
sampling  of  groundwater  at  eight  locations  and  of  surface  water  at  five  locations  is 
recommended  (Figure  7.1).  The  duration  and  intervals  of  the  sampling  may  be  changed  in 
different  areas  of  the  site  as  dictated  by  the  LTM  results.  Should  LTM  data  suggest  that 
RNA  is  not  effective  in  reducing  CAH  concentrations,  additional  (engineered)  remedial 
action  may  be  necessary. 
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-  Top  of  Casing 

-  Not  Sampled 

-  Same  As  Above 

G  -  GRAB 

Intrinsic  Remediation  Demonstration 
Cape  Canaveral  Air  Station.  Florida 

SAA 

▼  Water  level  drilled 

ENGINEERING-SCIENCE.  INC. 

Denver.  Colorado 


94DN0155,  02/28/94  ot  10:52 


MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME _ CAPE  CANAVERAL,  FL _ MONITORING  POINT  NUMBER 

JOB  NUMBER _ 722450.29 _ INSTALLATION  DATE _ LOCATION _ 

OATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _ 

SCREEN  DIAMETER  &  MATERIAL  _ SLOT  SIZE _ 

RISER  DIAMETER  &  MATERIAL  _ BOREHOLE  DIAMETER _ 

GEOPROBE  CONTRACTOR  _ ES  REPRESENTATIVE  MS/MV 


GROUND  SURFACE  —7 

THREADED  COUPLING - - 


-VESTED  CAP 
■COVER 


LENGTH  OF  SOLID 
RISER:  3l 


SOLID  RISER 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  L  2- 


SCREEN 


LENGTH  OF  / 
SCREEN:  S’ 

SCREEN  SLOT 
SIZE:  001* 


(NOT  TO  SCALE) 


LENGTH  OF  BACKFILLED 
BOREHOLE:  _ 

BACKFILLED  WITH:  _ 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


MONITORING  POINT 
INSTALLATION  RECORD 


Intrinsic  Remediation  Demonstration 
Cape  Canaveral.  FL 

FI  PARSONS  A 

_J  ENGINEERING  SCIENCE,  W 

Denver.  Colorado  ™ 


L:\45028\DRAWINGS\94DN1528.  3/14/95  at  9:45 


BORING  NO.:  _r]J_ 
CLIENT:  AFCEE 

JOB  NO.:  72450.2 

LOCATION:  Cooe  O 

GEOLOGIST:  MS/MV 
COMENTS:  _ 


GEOLOGIC  BORING  LOG 


.CONTRACTOR: 
.RIG  TYPE: 
.DRLG  METHOD: 
.BORING  DIA.: 
.DRLG  FLUID: 


DATE  SPUD: 
DATE  CM  PL. 
ELEVATION: 
TEMP: 
WEATHER: 


Sheet  1  of  1 


TOTAL  TPH 
BTtX(ppm)  (ppm) 


GEOLOGIC  BORING  LOG 


CCFTA-2IFT-17) 

Intrinsic  Remediation  Demonstration 
Cape  Canaveral  Air  Station.  Florida 


ENGINEERING-SCIENCE,  INC. 


Denver.  Colorado 


MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  — CAPE  CANAVERAL,  FL _ MONITORING  POINT  NUMBER 

JOB  NUMBER  — Z22!50-29 _ INSTALLATION  DATE  t/Wfe*  LOCATION _ 

DATUM  ELEVATION  -  GROUND  SURFACE  ELEVATION _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _ _ 

SCREEN  DIAMETER  &  MATERIAL  ijgn  M  jSi  <P-S‘'<  ^  sinter  0-0 

RISER  DIAMETER  &  MATERIAL  *1  ScteeA _ BOREHOLE  DIAMETER  'Ll _ 

GEOPROBE  CONTRACTOR  U5  g?fr/  trS  REPRESENTATIVE  MS  /MV _ 


GROUND  SURFACE  —7 

THREADED  COUPLING - - 


rV EhTCDCAP 
COVE& 

□v|r — T 


LENGTH  OF  §OLID 
RISER:  5 


SOLID  RISER 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  to 


LENGTH  OF  - 
SCREEN:  O 


SCREEN 


SCREEN  SLOT 
SIZE:  001“ 


(NOT  TO  SCALE) 


LENGTH  OF  BACKFILLED 
BOREHOLE:  w - 

BACKFILLED  WITH: 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


L:\45028\DRAWINGS\94DN1528.  3/14/95  ot  9:45 


MONITORING  POINT 
INSTALLATION  RECORD 


Intrinsic  Remediation  Demonstration 
Cape  Canaveral.  FL 


I  ENGINEERING  SCIENCE.  I 

Denver.  Colorado 


MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  CAPE  CANAVERAL,  FL _ MONITORING  POINT  NUMBER 

JOB  NUMBER  _ 72245Q-..2P _ INSTALLATION  DATE  LOCATION _ 

DATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _  _ 

SCREEN  DIAMETER  k  MATERIAL  SLOT  S|ZE 

RISER  DIAMETER  k  MATERIAL  ±5.  BOREHOLE  DIAMETER _ 

GEOPROBE  CONTRACTOR  ES  REPRESENTATIVE  MS/MV 


(NOT  TO  SCALE) 


STABILIZED  WATER  LEVEL 

FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH _ 

_  FEET 

BELOW  DATUM. 

GROUND  SURFACF 

_  FEET 

MONITORING  POINT 
INSTALLATION  RECORD 


Intrinsic  Remediation  Demonstration 
Cape  Canaveral.  FL 


ENGINEERING  SCIENCE.  INC. 


Denver.  Colorado 


L:\45028\0RAWINGS\94DN1528.  3/14/95  ot  9:45 


BORING  NO. 
CLIENT: 

JOB  NO.: 
LOCATION: 
GEOLOGIST:  ( 
COMEN  TS: 


jnoverol 


GEOLOGIC  BORING  LOG 


.CONTRACTOR: 
.RIG  TYPE: 
-DRLG  METHOD: 
.BORING  DIA.: 
.DRLG  FLUID: 

a 7  -  _ 


DATE  SPUD: 
DATE  CMPL. 
ELEVATION: 
TEMP: 
WEATHER: 


Sheet  ,1  of  1 


GEOLOGIC  BORING  LOG 


CCFTA-2(FT-17) 

Intrinsic  Remediation  Demonstratio' 
Cape  Canaveral  Air  Station,  FlorL 


ENGINEERING-SCIENCE,  I 


Denver,  Colorado 


MONITORING  POINT  INSTALLATION  RECORD 


JOB  NAME  CAPE  CANAVERAL,  FL _ MONITORING  POINT  NUMBER  (^1^1 

JOB  NUMBER  722450.29 _ INSTALLATION  DATE  _ LOCATION - 

DATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _ _ _ _ 

SCREEN  DIAMEtER  &  MATERIAL  .  ScV  4<? . IK  )  - SLOT  SIZE  „ 

RISER  DIAMETER  &  MATERIAL  _ _ BOREHOLE  DIAMETER  — ll - 

GEOPROBE  CONTRACTOR  USgf’A/ _ ES  REPRESENTATIVE  MS/MV - 


RISER  DIAMETER  &  MATERIAL 
GEOPROBE  CONTRACTOR 


GROUND  SURFACE 


CONCRETE 


r— VE^TED_CAP 
/ TC0Vtf  S-ftct-uf 


THREADED  COUPLING 


LENGTH  OF  £OLID 
RISER:  _Jl _ 


SOLID  RISER 


SCREEN 


LENGTH  OF^ 
SCREEN:  _ 

SCREEN  SLOT 
SIZE:  001“ 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  )ol 


(NOT  TO  SCALE) 


LENGTH  OF  BACKFILLED 
BOREHOLE:  _r=ZZ_ 

BACKFILLED  WITH:  JT= 


MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Intrinsic  Remediation  Demonstration 
Cape  Canaveral.  FL 


PARSONS 

ENGINEERING 


SCIENCE,  INC. 


Denver,  Colorado 


l:\45028\DRAWINGS\94DN1528,  3/14/95  ot  9:45 


BORING  NO.: 

CLIENT:  AFCEE 

JOB  NO.:  72450.29 

LOCATION:  Cooe  Conove 

GEOLOGIST:  MS/MV 
COMEN TS:  Pi  b 


Elev  Depth  Pro-  US 
(ft)  (ft)  file  CS 


GEOLOGIC  BORING  LOG 

inNTRArmR-  rvi 


-CONTRACTOR: 
-RIG  TYPE: 
_DRLG  METHOD: 
-BORING  DIA.: 
_DRLG  FLUID: 

1*1-  m 


DATE  SPUD: 
DATE  CMPL. 
ELEVATION: 
TEMP: 
WEATHER: 


Sheet  1  of  1 

±Mm> 

IHaM 


CfdM 


GEOLOGIC  BORING  LOG 


CCFTA-21FT -17) 

Intrinsic  Remediation  Demons  tr  a  tip" 
Cape  Canaveral  Air  Station.  Flori 


ENGINEERING-SCIENCE,  I 


Denver.  Colorado 


r 


MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  CAPE  CANAVERAL,  FL _ MONITORING  POINT  NUMBER _ 

JOB  NUMBER  722450.29 _ INSTALLATION  DATE _ LOCATION - 

DATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _ _ _ _ _ ^ 

SCREEN  DIAMETER  &  MATERIAL  H Q. P-H  |C> - SLOT  SIZE  Qi 

RISER  DIAMETER  &  MATERIAL  _ H  _ BOREHOLE  DIAMETER  ? 

GEOPROBE  CONTRACTOR  UStTf A/ eS _ ES  REPRESENTATIVE  _MS/MV - 


MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  1  EVFI 

FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH _ 

_  EEET 

BELOW  DATUM. 

GROUND  SUREAGF 

_  EEET 

Intrinsic  Remediation  Demonstration 
Cape  Canaveral.  FL 


PARSONS 

ENGINEERING  SCIENCE,  INC, 


Denver,  Colorado 


L 


L:\45028\0RAWINGS\94DN1528.  3/14/95  at  9:45 


GEOLOGIC  BORING  LOG 


BORING  NO.:_SMn 
CLIENT:  AFCEE 

JOB  NO.:  72450. 

LOCATION:  Cooe  C 

GEOLOGIST:  MS/MV 

COMEN TS:  ftD  I 


ttarrt-— • 


.CONTRACTOR: 
.RIG  TYPE: 
.DRLG  METHOD: 
.BORING  DIA.: 
.DRLG  FLUID: 


DATE  SPUD: 
DATE  CMPL. 
ELEVATION: 
TEMP: 
WEATHER: 


Sheet  1  of  1 

i/Wftb 


CCFTA-2IFT-17) 

Intrinsic  Remediation  Demonstration 
Cape  Canaveral  Air  Station.  Floric 


ENGINEERING-SCIENCE,  I 


Denver,  Colorado 


DEMONSTRATION  OF  THE  AIR  FORCE  SITE  CHARACTERIZATION 
AND  ANALYSIS  PENETROMETER  SYSTEM 
(AFSCAPS) 

AT  PATRICK  AFB  IN  SUPPORT  OF 
THE  INTRINSIC  REMEDIATION  (NATURAL  ATTENUATION)  OPTION 


Work  performed  under 
Contract  No.  F08635-93-C-0080 
SETA  Subtask  8.01.1 

March/  April  1994 


ARA  Report  No.  5868-322 
May  4,  1994 

by 

Martin  L.  Gildea 
Wesley  L.  Bratton,  Ph.D. 
James  D.  Shinn  II,  PE 

of 

Applied  Research  Associates,  Inc. 

120-A  Waterman  Road 
South  Royalton,  Vermont  05068 

and 

Randy  St.  Germain 
Greg  D.  Gillispie,  Ph.D. 

of 


Dakota  Technologies,  Inc. 
Fargo,  North  Dakota  58105 


Table  2 

Summary  of  CPT  Soundings 
Former  Fire  Training  Area 
Kennedy  Space  Center 
Cape  Canaveral,  Florida 


Test  ID 

Date 

Type 

MW  type 

Start 

Depth 

Max 

Depth 

CCAFB-01 

29-Mar-98 

CPT-LIF 

14.31 

CCAFB-01-SS01 

30-Mar-98 

SS 

5.50 

7.5 

CCAFB-01-SS02 

30-Mar-98 

SS 

7.50 

9.5 

CCAFB-01B-SS01 

30-Mar-98 

SS 

5.50 

7.5 

CCAFB-01  B-SS02 

30-Mar-98 

SS 

7.50 

9.5 

CCAFB-02 

29-Mar-98 

CPT-LIF 

10.12 

CCAFB-03 

29-Mar-98 

CPT-UF 

15.30 

CCAFB-04 

29-Mar-98 

CPT-LIF 

13.23 

CCAFB-05 

29-Mar-98 

CPT-LIF 

15.01 

CCAFB-06 

29-Mar-98 

CPT-LIF 

15.81 

CCAFB-06-SS01 

30-Mar-98 

SS 

3.50 

5.5 

CCAFB-06-SS02 

30-Mar-98 

SS 

5.50 

7.5 

CCAFB-07 

29-Mar-98 

CPT-LIF 

14.51 

CCAFB-07-SS01 

30-Mar-98 

SS 

5.50 

7.5 

CCAFB-07-SS02 

30-Mar-98 

SS 

7.50 

9.5 

CCAFB-08 

29-Mar-98 

CPT-LIF 

i 

15.03 

CCAFB-09 

29-Mar-98  ! 

CPT-LIF 

19.01 

CCAFB-10 

29-Mar-98 

CPT-LIF 

18.74  | 

CCAFB-11 

29-Mar-98 

CPT-LIF 

19.00 

CCFTA2-07-MW01M 

31-Mar-98 

MW 

Tube 

31.50 

CCFTA2-CPT-MW01D 

30-Mar-98 

MW 

Riser 

52.50 

CCFTA2-CPT-MW01M 

30-Mar-98 

MW 

Riser 

3150 

CCFTA2-CPT-MW01S 

30-Mar-98 

MW 

Riser 

10.00 

CCFTA2-CPT-MW02S 

31-Mar-98 

MW 

Riser 

8.00 

CPFTA2-CPT-MW02M 

31-Mar-98 

MW 

Tube 

27.20 

CPFTA2-CPT-MW03D 

3 1 -Mar-98 

MW 

Tube 

53.00 

CPFTA2-CPT-MW03M 

31-Mar-98 

MW 

Tube 

31.00 

CPFTA2-CPT-MW03S 

31-Mar-98 

MW 

Riser 

9.00 

CPFTA2-CPT-MW04M 

31-Mar-98 

MW 

Tube 

30.00 

CPFTA2-CPT-MW04S 

31-Mar-98 

MW 

Riser 

8.00 

N:\Nlg\CCAFB  cpt  slummary 


11 


CCAFB-01 


03/28/94 


APPUED  RESEARCH  ASSOCIATES,  INC. 
CCAFB 


Ratio  C0R(7.) 


0  SO  100 

Pore  Pressure(pai) 


CCAFB-03  APPLIED  RESEAHCH  ASSOCIATES,  INC.  03/28/94 

CCAFB 


eptli(ft) 


CCAFB-04 


03/28/94 


APPLIED  RESEARCH  ASSOCIATES,  INC. 
CCAFB 


Sleeve  StreB8(psi)  Up  gtreae  CORfpst)  Ratio  COR(%)  Pore  Pressure(pai) 


03/28/94 


CCAFB-05 


03/28/94 


APPLIED  RESEARCH  ASSOCIATES,  INC. 
CCAFB 


Classification 


CCAFB-06 


03/28/94 


APPLIED  RESEARCH  ASSOCIATES,  INC. 
CCAFB 


l _ : _ i _ l 

0  SO  100 
Pore  Pre«sure(psi) 


CCAFB-06 


APPLIED  RESEARCH  ASSOCIATES,  INC. 
CCAFB 


t 

i 


CCAFB-07 


APPLIED  RESEARCH  ASSOCIATES,  INC. 
CCAFB 


03/28/94 


Depth(ft) 


CCAFB-08 


03/28/94 


Depth(ft) 


Depth(ft) 


CCAFB-10 


03/28/94 


APPLIED  RESEARCH  ASSOCIATES,  INC. 
CCAFB 


Sleeve  Stresses!)  Tip  stress  COR(psi) 


Ratio  COR(Z)  Pore  Pressure(psi) 


Depth(ft) 


CCAFB-11 


APPLIED  RESEARCH  ASSOCIATES,  INC. 


1 


I3/28/0 


0  2  4  6  B  10 

TOificatioQ 


0 


Ground  Water  Sampling  Record 


sampling: 

SAMPLING : 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ / 

REASON  FOR  SAMPLING:  [fa  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  \\7lWl  19 _ 

SAMPLE  COLLECTED  BY:  jj_Z)  hpj  of  ?Pb 

WEATHER:  5(J  fifty,  \H  _ 

DATUM  FOR  WATEg.  DEPTH  MEASUREMENT  (Describe): _ 

iOC_ 


(number) 


Chec^of 

1M 


MONITORING  WELL  CONDITION: 

$  LOCKED: 

WELL  NUMBERtUS  )  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  fiPfX? 
INNER  PVC  CASING  CONDITION  IS:  <%EC 
WATER  DEPTH  MEASUREMENT  DATUMS 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLl 


[  ]  UNLOCKED 


>IS  NOT)  APPARENT 
COLLECTOR 


[  ]  MONITORING^W^.  REQUIRED  REPAIR  (describe):. 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List) :  Cd&  /fol 


'bk 


ifaft  t 


3t< 


4[^ 


1 jit  fa 


PRODUCT  DEPTH _ _ 

Measured  with: _ 

WATER  DEPTH _ /?.  ft/V  M ~bL _ 

Measured  with: _ 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  _ .  , _ 

Odor: _ Uudso  mAh***  huMu4 

Other  Comments: _ _ _ 

WELL  EVACUATION:  , 

Method:  jlf /iSlZulj)(  b(^VY'fa _ 

Volume  Removed: _ faCyfxltJy\/S  _ 

Observations:  Water  very)  cloudy 

Water  level  (rose  -  fell  -  nochang^ 

Water  odors: _ 

Other  comments: _ 


BELOW  DATUM 


BELOW  DATUM 


Page  1  of  2 


Ground  Water  Sampling  Record 


5  [vf^ 

6[y" 

5tt  fPA 

7 

8[^ 

9[<" 

10  [  ] 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  -f  *ump,  type:  fcL/i  ( — 

[  ]  Other,  describe: _ 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 

Temp:  Q2A  °  JL 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen: _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other 


Measured  with:  VST  ^5  .£>.£). 

Measured  with: _ _ _ 

Measured  with: _ _ _ 

Measured  with: _ 

Measured  with: _ _ _ 

Measured  with: _ _ _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


SAMPLE  CONTAINERS  (materi 


.INERS  (material,  number,  si 


size):. 


- 1 — V-QLL&Lti  f  n*sr  — *  _ _ _ _ 

h  1 25  IpA  ‘jJ/  HiSty  ,  !-2Sb  s+nM  c 

auC  TJFTZk  /  TJlj.  V/Li ' 


ONSITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[•'f' 

Preservatives  added: 

H7SC4 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

[  Container  Sides  Labeled 
[  ]  ^Container  Lids  Taped 
[  i  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ 


Page  2  of  2 


Ground  Water  Sampling  Record 


SAMPLING ; 
SAMPLING  ] 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  FT#  ~ 

REASON  FOR  SAMPLING:  [)0  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  JJ2L  nio  ,19  xtSyD.m. 

SAMPLE  COLLECTED  BY:  T\  of  ~PPA  ^ 

WEATHER:  3v/\r\\l.l0°Fth.i*nl6  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe1): 

_ Toe 


(number) 


MONITORING  WELL  CONDITION: 

[y]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  #£)-  IS  NOT)  APPARENT. 

STEEL  CASING  CONDITION  IS:  _ 

INNER  PVC  CASING  CONDITION  IS:  <%££! 

WATER  DEPTH  MEASUREMENT  DATUM  (££>,-  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORINj^  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

i[^r" 


2[vK 


ilr>M 


EQUIPMENT  CLEANED  BEFORE  USEWITH, 
Items  Cleaned  IList):  fjM  /IM/s 


PRODUCT  DEPTH _ 

Measured  with:, 

WATER  DEPTH _ 

Measured  with: 


BELOW  DATUM 


r.  BELOW  DATUM 


4[< 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:.  UWu  1  /  _ 

Odor:  'YhOCl  /  _ 

Other  Comments:  V 

WELL  EVACUATION: 

Method:  _ 

Volume  Removed:  7/0  Cpjjj/j/wS 
Observations:  Wateidsli^hU^  -  very)  cloudy 

Water  level  (rose  -  fell  -  r^fchangjS) 
Water  odors:  /mod * 

Other  comments:  Ll/JUtOu  P _ 


Page  1  of  2 


Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[v^Pump,  type: 

[  ]  Other,  describe: _ 


6  [  0^  ONSITE  MEASUREMENTS: 

Temp:  22ti  2 
pH: _ 


Sample  obtained  is  p<J  GRAB  [  ]  COMPOSITE  SAMPLE 


See  fW 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: 


Ferrous  Iron: 
Other 


Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 


n*' 


SAMPLE  CONTAINERS  (material,  number,  size): 


_ ^  Jgfr.A  td)%  &A 

1-12^ /ynJ  .ilkjsKc  hj  Hjjjkj. 


Y 


ONSITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  HuP&t 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  CONTAINER  HANDLING: 

Mr"  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  kf  Containers  Placed  in  Ice  Chest 

1 0  [  ]  OTHER  COMMENTS : _ 


Page  2  of  2 


Ground  Water  Sampling  Record 


SAMPLING : 
SAMPLING : 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ £ 

REASON  FOR  SAMPLING:  $j  Regular  Sampling;  [  ]  Special  Sampling; 
DATE  AND  TIME  OF  SAMPLING:  {kb  fab  ,19  *£ 

SAMPLE  COLLECTED  BY:  J).  fan  ft  hilt  of  ^ 

WEATHER: _ 5onw.  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ Toe 


(number) 


MONITORING  WELL  CONDITION: 

l A  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  rfSAIS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  _ 

INNER  PVC  CASING  CONDITION  IS:  ^3^ 

WATER  DEPTH  MEASUREMENT  DATUM  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITOR^G  WELL  REQUIRED  REPAIR  (describe): _ 


Checkoff 

i  mt 


Info 


3[-N 


EQUIPMENT  CLEANED  BEFORE  USE  WITH_ 
Items  Cleaned  fLisri:  &£$  /W£j. 


PRODUCT  DEPTH _ 

Measured  with:. 

WATER  DEPTH _ _ 

Measured  with: 


1  .Sll 


WATER  CONDITION  BEFOR£  WELL  EVACUATION  (Describe): 

Appearance: _ CiMA _  >  ■ 

Odor: _ UUtM  h^UbCAi  _ 

Other  Comments:  V _ _ 


f.  BELOW  DATUM 


r.  BELOW  DATUM 


WELL  EVACUATION: 

Method:  hU&pft _ _ 

Volume  Removed:  (o  _ . _ 

Observations:  Water  -  very)  cloudy 

Water  leveTfrose  -  fell  - 
Water  odors:  V-  u££JtL 
Other  comments: _ V 
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Ground  Water  Sampling  Record 


5  [  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

ump,  typ  ^J^tishthr 
[  ]  Other,  describe: _ 


Sample  obtained  is  $  GRAB  [  ]  COMPOSITE  SAMPLE 


6[^r  ONSITE  MEASUREMENTS: 

Temp:  21A& 
pH: _ 


Ferrous  Iron: 
Other  -f/-» 


L 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: 


Measured  with:  Vs  L  T>.0  . 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with:  _ 

Measured  with:  _ 


SAMPLE  CONTAINERS  (material,  number,  size): _ 

d  *()&»  l4  hzm  _ 

JH AaM T  \  //•>  -$g</  /-25P  .qd.  h  l 

8  [  ONSITE  SAMPLE  TREATMENT: 


t  ] 

Filtration:  Method 

Containers: 

Method 

__  _  Containers: 

Method 

Containers: 

[■K" 

Preservatives  added:  ^4 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [  0^  CONTAINER  HANDLING: 

[  Y'  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  vf  Containers  Placed  in  Ice  Chest 


10  [  ]  OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  i 
SAMPLING  1 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  rTf\- -A 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  \)2S  fo(s  .19  a.m7ic£> 

SAMPLE  COLLECTED  BY:  D-  of  TM 

WEATHER:  So  fifty,  ESdZ  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  f  Described 
_ UjOC _ 


(number) 


MONITORING  WELL  CONDITION: 

[)Q  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (f£>-  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  QQCU_  _ 

INNER  PVC  CASING  CONDITION  Q&CJ 

WATER  DEPTH  MEASUREMENT  DATUM  (f§>  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  S AMPLE" COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

r  PVC 


Check-off 


2  [vT 


3[vK 


25  )% 


ifc  s!% 


use  wn 

q2La 


EQUIPMENT  CLEANED  BEFORE  USE 
Items  Cleaned  fLisf):  ClL 


PRODUCT  DEPTH _ 

Measured  with:. 

WATER  DEPTH _ 

Measured  with: 


B70C- 


BELOW  DATUM 


FT.  BELOW  DATUM 


~LL  EVACUATION  (Describe): 


WATER  CONDITION  BEFORE ' 
Appearance:  U? 

Odor:  /ncrUZ 

Other  Comments: 


WELL  EVACUATION: 

Method:  p£j 5  lh  t  hj  PlMff  A _ 

Volume  Removed:  ^ 

Observations:  Water  (gfifntl}'  -  very)  cloudy 

Water  level  (rose  -  fell  -  gcfchan^e) 
Water  odors:  UKAX  -  , 

Other  comments:  L.i/faufo 


L  A 
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Ground  Water  Sampling  Record 


5[r^ 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  type: 

[  ]  Other,  describe: _ 


6  [  ]  ONSITE  MEASUREMENTS: 

Temp: _ 

pH: _ 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 

_L_ 


Oee. 


8[^ 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: 


Ferrous  Iron: 
Other  H  i 


Measured  with:  jST-  A.  0>  /jtjjtjj 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


SAMPLE  CONTAINERS  (material,  number,,  size):. 


iiiuucuai,  iiumuci. 

tJjjk  D/k _ 

JzUfLial H  zSQ<  )  i-P5D  pM'L 

Jz50  'ff&tbA  _ 


ONSITE  SAMPLE  TREATMENT: 

[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

\*r 

Preservatives  added: 

H3PG4 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [  CONTAINER  HANDLING: 

Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 


10  [  ] 


OTHER  COMMENTS:. 


Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  DATE(S)_L/22Mj_1/22Z2£ 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  fl  _ _ 

(number) 

REASON  FOR  SAMPLING:  \J\  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  l/2k/4,  1 9 _ j^Vp.m. 

SAMPLE  COLLECTED  BY:  7).  falnWhfll  of  TjA 

WEATHER: _ f  JgF  '  kufal  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 


MONITORING  WELL  CONDITION: 

[/]  LOCKED: 

WELL  NUMBER  (j@ -  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  '  ‘ 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:! 

WATER  DEPTH  MEASUREMENT  DATUM  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING ^ELL  REQUIRED  REPAIR  (describe): 


Check-off  . 

1  EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List!:  CL01 


3[^ 

fa 


PRODUCT  DEPTH _ 

Measured  with: _ _ _ 

WATER  DEPTH _  _ djsl _ £>7oC 

Measured  with: _ 


WATER  CONDITION  BEFO 
Appearance 
Odor: 


WELL  EVACUATION  (Describe): 


Other  Comments: 


ce: _ uMa _ _ 

iidbM- ,/ 

mmpnfi;*  * 


JFT.  BELOW  DATUM 


JFT.  BELOW  DATUM 


WELL  EVACUATION: 

Method:  _ 

Volume  Removed: 

Observations:  Water  fcligmjy  -  very)  cloudy 

Water  level  (rose  -  fell  -  imchana^ 

Water  odors:  urf&M  V^£ti7)rJ*iA 
Other  comments: _ 
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Ground  Water  Sampling  Record 


5  [  Y  SAMPLE  EXTRACTION  METHOD: 


[  ] 
IA 
[  ] 


Bailer  made  of:. 
Pump,  type:. 
Other,  describe:. 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 


6  [vf""  ONSITE  MEASUREMENTS: 

Temp:  2L£l 
PH: _ 


m  Dxfe 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: 


Ferrous  Iron: 
Other:  I U? 


a 


Measured  with:.  m.  55  I).  ry  MjJja 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


nr" 


iiY' 


SAMPLE  CONTAINERS  (material,  number,  size): 


1-12  J  ~  1-25D  W*  p&ushc  _ 


ONSITE  SAMPLE  TREATMENT: 


nY" 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  vOti, 

Ul504 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

\_r"  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ^Containers  Placed  in  Ice  Chest 


10  []  OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING : 
SAMPLING : 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  rTn"fc> 

REASON  FOR  SAMPLING:  p(]  Regular, Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  j  2<  M  L  .  19 _ a.m./*SD 

o  a  x.f nr  r?  t  T?/^“TT?r\  nv.  /)  /I  _ r  J 5/1  ^'s*" 


SAMPLE  COLLECTED  BY:  X>.  9  of _ 

WEATHER:  !R!aVC,  kffP  ,  L^rl  ' 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 

roc 


(number) 


MONITORING  WELL  CONDITION: 

[^LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  IS  NOT)  APPARENT  . 

STEEL  CASING  CONDITION  IS:  fjQCCl  ; _ 

INNER  PVC  CASING  CONDITION  IS:  '  (jftyd 

WATER  DEPTH  MEASUREMENT  DATUM  «§)-  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

H'lr 


2  [-T 


ijllfa 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List):  CiPJl  /tnfs 


PRODUCT  DEPTH _ 

Measured  with: _ 

WATER  DEPTH _ ilfll  B7DC, _ 

Measured  with: _ 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  A  cO/  _ 

Odor: _ 

Other  Comments: _ _ _ Y 


r.  BELOW  DATUM 


FT.  BELOW  DATUM 


i 


WELL  EVACUATION: 

Method: _ _ _ _ 

Volume  Removed:  (a  _ 

Observations:  Water  very)  cloudy 

Water  level  (rose  -  fell  -  i(ochan| 
Water  odors: 

Other  comments:  /  -  Lb'JJl 


L  A 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ _ 

[^KPump,  typ e:-/2£iishttlC- 

[  ]  Other,  describe: _ . 

Sample  obtained  is  [\f  GRAB  [  ]  COMPOSITE  SAMPLE 


<5M^ 


ONSITE  MEASUREMENTS: 

Temp:  >  ‘ 

PH: _ 

Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other  Un _ 


Measured  with; 
Measured  with; 
Measured  with; 
Measured  with; 
Measured  with; 
Measured  with; 
Measured  with; 
Measured  with; 
Measured  with; 


7  SAMPLE  CONTAINERS  (material,  number,  size): 

<b  uO  j  wgi 

8  [  ONSITE  SAMPLE  TREATMENT: 


Filtration: 


Method.. 

Method^ 

Method^ 


Preservatives  added: 

Method _ 


Methods 

Method^ 

Method 


CONTAINER  HANDLING: 


[  Container  S  ides  Labeled 

[  ]  JContainer  Lids  Taped 

[  Containers  Placed  in  Ice  Chest 


Containers; 

Containers; 

Containers: 


Containers; 

Containers; 

Containers; 

Containers: 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING : 
SAMPLING : 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  FT  A-  73 

REASON  FOR  SAMPLING:  [/]  Regular  Sampling;  [  ]  Special  Sampling;  _ 

DATE  AND  TIME  OF  SAMPLING:  \hsMis’  •  19 _ a.m 

SAMPLE  COLLECTED  BY:  O.  U/ZnbkfiOQ  of 

WEATHER:  SoArty  T<yf  _ 

DATUM  FOR  WATER.'  DEPTH  MEASUREMENT  CDescriheV 

*7 'Or 


(number) 


MONITORING  WELL  CONDITION: 

L(]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (fei  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  „ _ 

INNER  PVC  CASING  CONDITION  IS.7 
WATER  DEPTH  MEASUREMENT  DATUM#©-  IS  NOT)  APPv 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

_ J?1'  /Vc_ 


J-  IS  NOT)  APPARENT 


Checkoff 

i[vT 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  /.W/lyO 
Items  Cleaned  IListl:  flPA 


zt-r 


m 


PRODUCT  DEPTH _ 

Measured  with:, 

WATER  DEPTH _ 

Measured  with: 


f.  BELOW  DATUM 


•T.  BELOW  DATUM 


4  [vT 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance:  twftA 

Odor:  /KlhJL _ 

Other  Comments: _ 

WELL  EVACUATION:  , 

Method: _ {MtSVilLhf  pA£p. _ 

Volume  Removed:  A  ms - 

Observations:  Water  very)  cloudy 

Water  level  (rose  -  fell  -  gfTchangfr) 

Water  odors  _ 

Other  comments: _ 
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Ground  Water  Sampling  Record 


5[*r^ 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  $/Pump,  type:_A£j  \skdLha_ 
[  ]  Other,  describe: _ 


Sample  obtained  is  [s^^tJRAB  [  ]  COMPOSITE  SAMPLE 


6  [  lK'  ONSITE  MEASUREMENTS: 

Temp:  21AL  0  0 

pH: _ 

Conductivity: _ 

m  twR  ss*1- 

Salinity: _ 

Nitrate: _ _ 

Sulfate: _ 

Ferrous  Iron:  _ _ 

Other: 


Measured  with:  /iSX  Z)  0.  Aittj  a 

Measured  with: _ _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with:_ _ 


SAMPLE  CONTAINERS  (material, , numbly,  size):_ 


i-n< 


!k 


ONSITE  SAMPLE  TREA' 


S_k ~5±  ^4  /  /  ~~  2 'rrv^ 

tf _ />.y  rfp.&sj _ _ 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[■r"' 

Preservatives  added:  /f*^4 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[w^ 


10  [  ] 


CONTAINER  HANDLING: 


[’'J^ Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATE(S)  1/22/96-  1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  £TA  _ 

(number) 

REASON  FOR  SAMPLING:  [/]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  lhs\UU  19 _ a.m 

SAMPLE  COLLECTED  BY:  _ of _ 

WEATHER:  5dA0v/  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ _ 


MONITORING  WELL  CONDITION: 
(p  LOCKED: 


[  ]  UNLOCKED 


WELL  NUMBER  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  Aped 

INNER  PVC  CASING  CONDITION  IS:  7  ^ 


YTUM/fS )  IS  N 


WATER  DEPTH  MEASUREMENT  DATUM /IS^  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  .WELL  REQUIRED  REPAIR  (describe):. 


m. 


Checkoff  . 

1  [  if  EQUIPMENT  CLEANED  B EFORE  USE-  WITfj,  iW/uf) 

Items  Cleaned  (List):. 


2(^ 


PRODUCT  DEPTH. 


JT.  BELOW  DATUM 


I  )nj% 


Measured  with: 


WATER  DEPTH. 


7  38* _ 3T0C 


JFT.  BELOW  DATUM 


Measured  with: 


3[-K" 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  CJutl/lA  _ _ _ _ 

Odor:  /rtt/X1/  /\ 

Other  Comments:  / 


vT 


L> 
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Ground  Water  Sampling  Record 


[Y 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

isf  Pump,  type: 

[  ]  Other,  describe: _ 


■iY~ 


Sample  obtained  is  GR  .B  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 


£PA  JMa 


Temp:  21.6  0  C 

Measured  with:. 

pH: 

Measured  with:. 

Conductivity: 

Measured  with:. 

Dissolved  Oxygen: 

Measured  with:. 

Redox  Potential: 

Measured  with:. 

Salinity: 

Measured  with:. 

Nitrate: 

Measured  with:. 

Sulfate: 

Measured  with:. 

Ferrous  Iron: 

Measured  with:. 

Other 

M  55T  DA  Mu 


nY 


SAMPLE  CONTA: 


ONSITE  SAMPLE  TREATMENT: 


t  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[-K 

Preservatives  added:  ^  (Vy 

42S04 

Method  1 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [Y  CONTAINER  HANDLING: 

Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  i y ^ Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATEfSl  1/22/96-1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  FTA  -fiS _ _ 

(number) 

REASON  FOR  SAMPLING:  [  ]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  [hsMCr  19 _ 4^/p.m. 

SAMPLE  COLLECTED  BY:  £>.  &,Zniih£jP(L  of  _ 

WEATHER: _ 6<T  £  r  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 


MONITORING  WELL  CONDITION: 
tf]  LOCKED: 

WELL  NUMBER  (g|)-  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  CtATcf 

2 '  /ts-r'r 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS' 


T 


IS  NOT)  APPARENT 


WATER  DEPTH  MEASUREMENT  DAI 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 


Check-off 

1  M 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  i^d/hyQ> 
Items  Cleaned  CListl:  Ci£L  /M-EFTaA 


2{^ 

l|a7/^ 


PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER  DEPTH _ /a  .  /3  '  TSTfiC _ FT.  BELOW  DATUM 

Measured  with: _ 


WATER  CONDITION  BEFORE 

Appearance: _ 

Odor:  6llU 


LL  EVACUATION  (Describe): 


Other  Comments: 
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Ground  Water  Sampling  Record 


5  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  if' Pump,  type:_p^i  C, 

[  ]  Other,  describe: _ 


Sample  obtained  is  ^  GRAB  [  ] 


stir' 

Sul  £(>A  del a 


ONSITE  MEASUREMENTS: 

Temp:  {fif} 

PH: _ 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 


Ferrous  Iron: 
Other:  jjg 


COMPOSITE  SAMPLE 

Measured  with:  VsT  S5L 
Measured  with: _ 

Measured  with:  _ 

Measured  with:  _ 

Measured  with:  _ 

Measured  with: _ 

Measured  with:  _ 

Measured  with: _ 

Measured  with:  _ 


nf' 


8[ 


SAMPLE  CONTAINERS  (material,  number,  size): 

A  d££i 


lzl2SL  'nd? 


O-^D  s>njp 


’££<&  U)/ 

/ftWi  t  1  -^5Z>  mM  ~J2KsEk 

u)/  h  7  &<I 


ONSITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[K 

Preservatives  added:  l / 

H5ft£ 

Method  ' 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

10  [  ] 


CONTAINER  HANDLING: 


rl^co 


Container  Sides  Labeled 
[  ]  Container  Lids  Taped 

Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FTA 
SAMPLING  DATE(S)JLZ22Z2UZ22Z2£ 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  t.  iA  -  £±2 _ 

(number) 

REASON  FOR  SAMPLING:  [  ]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  I  25 kiL  ,19  /^£m>o.m. 

SAMPLE  COLLECTED  BY:  4^  ktinKfr/tfl  of  7PA 

WEATHER:  ‘Vj/VV./  .  __J__  _ ’ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ ~T/r _ 


MONITORING  WELL  CONDITION: 
fo(]  LOCKED: 

WELL  NUMBER  NOT)  APPARENT  , 

STEEL  CASING  CONDITION  IS:  ford1 

INNER  PVC  CASING  CONDITION  ISf 


[  ]  UNLOCKED 


WATER  DEPTH  MEASUREMENT  DATKJM  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORINGWELL  REQUIRED  REPAIR  (describe): _ 

21  Pvt  _ 


Check-off 


2[c^^ 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  f),r) 

Items  Cleaned  fListV  _ 


PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER  DEPTH _ ^..^7  '  37 £>£ _ FT.  BELOW  DATUM 

Measured  with: _ 


| 

4[^ 

1/2 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ UIMlA _ _ _ 

Odor:  /7WlX- _ _ _ 

Other  Comments: _ 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

IVT  Pump,  type:_/)ct 
[  ]  Other,  describe: _ 


Sample  obtained  is  M  GRAB  [  ]  COMPOSITE  SAMPLE 


6[vT^ 

5en  £P’A- 


ONSITE  MEASUREMENTS: 

Temp:  ZLJh  ' 

,  ,  _ 

vjrT/i  Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other _ 


Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 


7 


SAMPLE  CONTAINERS  (material,  number,  size}:. 

_ 4  u>)  tkMd 


ONSITE  SAMPLE  TREATMENT: 


Filtration:  Method. 

Method. 

Method 


Preservatives  added: 

H2^4 
Method _ 


Method, 

Method, 

Method, 


CONTAINER  HANDLING: 


[-J^  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  0^ Containers  Placed  in  Ice  Chest 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING 

SAMPLING 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  [uJ"S.egular  Sampling;  [  ]  Speci 

DATE  AND  TIME  OF  SAMPLING:  LESjjk  19 _ 

SAMPLE  COLLECTED  BY:  7>  ttuhAbfti  of  _J 

WEATHER:  StVl  IW/j  1/Tf  kum\cl 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 

-Tc 


[  ]  Special  Sampling; 

,  19  a.mV; 

of"  — 


(number) 


MONITORING  WELL  CONDITION: 

| /]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (K>>  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  _ 

INNER  PVC  CASING  CONDITION  &  400c/ 

WATER  DEPTH  MEASUREMENT  DATUM  (£3 IS  NOT)  APP/ 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLFCOLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


'IS  NOT)  APPARENT 


Check-off 

1[^ 


EQUIPMENT  CLEANED  BEFORE  USE. 

Items  Cleaned  (List):__/2 


2  [  PRODUCT  DEPTH _ 

Measured  with: 


BELOW  DATUM 


WATER  DEPTH _ 

Measured  with: 


f.  BELOW  DATUM 


r 


4[*r^ 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  '*#  /  ftiOtjDn  (LkMtA _ 

odor :_jmt 

Other  Comments:  J  <J _ 

WELL  EVACUATION:  . 

Method:  MjlSMjk.  Pt*%}£ _ _ _ 

Volume  RpitinvpH-  fj  _ 

Observations:  Waterfcliftuly  -  very)  cloudy^- 

Water  level  (rose  -  fell  -  ntf'changa) 
Water  odors:  < 

Other  comments:  EttHA&L 
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Ground  Water  Sampling  Record 


5[vT^ 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[vf"l>ump,  type:/2^</5^/iC 
[  ]  Other,  descrioe: _ 


Sample  obtained  is  [^j  GRAB  [  ]  COMPOSITE  SAMPLE 


6[*r" 


ONSITE  MEASUREMENTS: 


tfpr  hfc 


Temp:  22,6  0  0 

Measured  with:. 

pH: 

Measured  with:. 

Conductivity: 

Measured  with: 

Dissolved  Oxygen: 

Measured  with:. 

Redox  Potential: 

Measured  with:. 

Salinity: 

Measured  with:. 

Nitrate: 

Measured  with:. 

Sulfate: 

Measured  with:. 

Ferrous  Iron: 

Other:  _ _ 

Measured  with:. 

n*' 


8  vr 


[  ]  Filtration:  Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 

Preservatives  added:  thtfOd 

Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 


9  [  ^  CONTAINER  HANDLING: 

[-f'  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  DATEfSI  1/22/96  -  1/37/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  [  Vj  Regul: 
DATE  AND  TIME  OF  SAMPLIN' 
SAMPLE  COLLECTED  BY:  j> 

j 'hkJQsELf 


WEATHER:  Sm/W, 


Regular  Sampling 


[  J  Special  Samplin: 
of 


(number) 


a.m. 


1M_ 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 

_ 


MONITORING  WELL  CONDITION: 
pd  LOCKED: 

WELL  NUMBER  flf)-  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: 

;•/ 


[  ]  UNLOCKED 


,TUM  </§>-  IS  N 


INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM  fipL  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE" COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off  j  / 

1  [  EQUIPMENT  CLEANED  BEFORE  USE  WITH  /WA/O 

-  .  vi  A /?  v 


Items  Cleaned  (List):  &J/1  ‘ 


2[*r^ 


PRODUCT  DEPTH 


JFT.  BELOW  DATUM 


Measured  with: 


tfc/% 


WATER  DEPTH 


8.46'  S7pc 


_FT.  BELOW  DATUM 


Measured  with: 


3  t-r 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:,  _ 

Odor:  Ltf&k  _ 

Other  Comments:  ^ 


WELL  EVACUATION: 

Method: 
Volume 


Observations:  Water  (st?ghflv>  very)  cloudy 

Water  level  (rose  -  fall  -  no  changed 
Water  odors:  ^  n^lrdCA^iv^ 


Other  comments:. 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  i^Pump,  type:  D^sK^X^ 
[  ]  Other,  describe: _ 


Sample  obtained  is 

ONSITE  MEASUREMENTS: 

Temp:  #3  -7 
pH: _ 


5en  £P/l  ihk 


Conductivity: _ 

Dissolved  Oxygen: 
Redox  Potential:  __ 

Salinity: _ 

Nitrate: _ 

Sulfate: 


Ferrous  Iron: 
Other: _ 


[/}  grab  [  ] 

o  (l_ 


COMPOSITE  SAMPLE 

Measured  with:  Vfx/  H. Q=. 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


SAMPLE  CONTAINERS  (material,  number,  size): 


Jzll£-4n4. 


~  /-Z^D 


•37^1 


8 


ONSITE  SAMPLE  TREATMENT: 


[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  lb  tOd 

v>i3 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [ST  CONTAINER  HANDLING: 

Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  '^'''''’Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ _ 


Page  2  of  2 


Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FTA 
SAMPLING  PATTIS')  1/22/96-  1/97/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  'FjLziQ. 


REASON  FOR  SAMPLING:  [$  Regular  Samplin] 

DATE  AND  TIME  OF  SAMPLING:  _ ,  1 9 

SAMPLE  COLLECTED  BY: 

WEATHER:  5‘  W  P 
TERDE 


DATUM  FOR  WA' 


[  ]  Special  Sampling; 

_ a.mVgrfrp 

Of  _ 


(number) 


DEPTH  MEASUREMENT  (Describe):. 

XjQL. _ 


MONITORING  WELL  CONDITION: 

[vfloCKED: 

WELL  NUMBER  <<(§)-  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  I: 

WATER  DEPTH  MEASUREMENT  DATUM  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 


PVC 


Checkoff 

nr 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  IAo  /A-,^1 
Items  Cleaned  fListl:  Q£j_  /WlLU/\A  _ 


PRODUCT  DEPTH 

FT.  BELOW  DATUM 

Measured  with: 

WATER  DEPTH 

Aria1  31 oc 

FT.  BELOW  DATUM 

Measured  with: 

3[^ 
l  ^1% 


WATER  CONDITION  BEFO 
Appearance:. 
Odor: _ £, 


WELL  EVAC 
'>&A  ul 


ATI 


Other  Comments:. 


(Inscribe): 
tA _ 


4LK 

l/*A. 


WELL  EVACUATION: 

Method:  rp2^i  i  SwJ  R  (  U'W'P _ 

Volume  Removed:  y" 

Observations:  Water  (gjjghtly-  very)  cloudy 

Water  leveT(rose  -  fell  -  n/fcha^gs)  , 
Water  odors: 

Other  comments:  Lt&xAfiijiD 


Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[vfPump,  type:  <_ 

[  ]  Other,  descrioe: _ 


6  [Jf'  ONSITE  MEASUREMENTS: 

Temp:  __2ZJ _ 0 

pH: _ 


Sample  obtained  is  [)(j  GRAB  [  ]  COMPOSITE  SAMPLE 


Jet  £P/v 


H"' 


8[vK 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 


Ferrous  Iron:  _ 
Other:  jjy 


Measured  with:  /5£  j)  0. 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


SAMPLE  CONTAINERS  (material,  number,  size): _ 

_ 4  w 4l  tk  _ p-n _ - , 

1-12^  /^  ,  U  ~  1-2SJ 


5^4 


ONSITE  SAMPLE  TREATMENT: 

[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[«K 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [J^  CONTAINER  HANDLING: 

\y¥'  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  DATECS'l  1/22/96  -  1P.7/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  fT/4-l  / 


MONITORING  W£LL  CONDITION: 

[^LOCKED: 

WELL  NUMBER^  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM  jgS^IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  W£LL  REQUIRED  REPAIR  (describe):. 


Checkoff 

1  [  Vf  EQUIPMENT  CLEANED  B  EFORE  USE  WITH  i&  /faQ 

Items  Cleaned  fListV  C&x 


2[ 


PRODUCT  DEPTH. 


JFT.  BELOW  DATUM 


ijllk 

3 

i}&k 


Measured  with: 


WATER  DEPTH. 


ULSSlL  -rtoc- 


FT  BELOW  DATUM 


Measured  with:. 


WATER  CONDITION  BEFORE  WELL  EVACUA'nON  (Describe): 

Appearance: _ flf.  Hthiu)  /{£/>&  A - 

Odor:  « 


Other  Comments: 
WELL  EVACUATION: 


b 


Method:_,.y^ttefe^^C  pUfpA 

Volume  Removed:  N 


Observations:  Water  fefi/htfa  -  very)  cloudy 

Water  level  (rose  -  fel 
Water  odors 


(rose  -  fell  -  lyjchangg)  ,  ,  / 


Other  comments:  U^lZ&U 
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Ground  Water  Sampling  Record 


5[' 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: 
[■^'''Pump,  type:. 

[  ]  Other,  describe: 


<L- 


Sample  obtained  is  ty(|  GRAB  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 


XI  EPfY  \>A 


Temp:  J?,2.  5"  °  C 

Measured  with:. 

pH: 

Measured  with:. 

Conductivity: 

Measured  with:. 

Dissolved  Oxygen: 

Measured  with:. 

Redox  Potential: 

Measured  with:. 

Salinity: 

Measured  with:. 

Nitrate: 

Measured  with:. 

Sulfate: 

Measured  with:. 

Ferrous  Iron: 

Measured  with:. 

Other: ....  ify 

8[ 


SAMPLE  CONTAINERS  (material,  number,  size): _ 


TSb^nj  fXXXJL 


ONSITE  SAMPLE  TREATMENT: 


[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  for/'*/ 

ti2sol 

Method  1 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  CONTAINER  HANDLING: 

[  ^  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
( Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 


Page  2  of  2 


Ground  Water  Sampling  Record 


SAMPLING : 
SAMPLING  i 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ C. 

REASON  FOR  SAMPLING:  [)4  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  //?/„  }hL>  .  19 _ Xj 

SAMPLE  COLLECTED  BY:  TO.  jfcW/Wf  of  WA  _ 

WEATHER:  3tX>/K/j  7S&  f,  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ TOC _ 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBER^)-  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: 

INNER  PVC  CASING  CONDITION  IS:  '  U 
WATER  DEPTH  MEASUREMENT  DATUM, 


UNLOCKED 


1  IS  NOT)  APPARENT 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Checkoff 

1  [  if  EQUIPMENT  CLEANED  BEFORE  USE  WITH_ 

Items  Cleaned  HListV  CaJ-Q  Aw 


2[wT" 


ij^l% 

iju,  jl'ti 


ilu/fy 


PRODUCT  DEPTH _ 

Measured  with:. 

WATER  DEPTH _ 

Measured  with: 


1  S7PC- 


r.  BELOW  DATUM 


f.  BELOW  DATUM 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  _  , _ 

Odor:  — wdf 1 - 

Other  Comments:.  (J  _ .  /  * _ 

U)C&  twbckd'  (ycfeit 

WELL  EVACUATION:  ,  1 

Method:  _ 

Volume  Removed: _ L  _ 

Observations:  Water  (st±gh|&)*  very)  cloudy  _ 

Water  level  (rose  -  fell  -  riqchange^ 

Water  odors:  _ 

Other  comments: _ 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[vfPump,  type^isfa&lic. 
[  ]  Other,  describe: _ 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 


6  [  ^  ONSITE  MEASUREMENTS: 

Temp:  0  _ 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen: _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:  XS  T  -5*T  P-  & 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


SAMPLE  CONTAIJTE^JS  (material,  number,  size): _ 


MJA&. 


ONSITE  SAMPLE  TREATMENT: 


[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  H~  J  ^4 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  CONTAINER  HANDLING: 

Container  Sides  Labeled 
[  ]  /"Container  Lids  Taped 
[  t  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  DATEfSl  1/22/96  -  1/77/Qrt 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  fTA-  -  H 5 _ _ 

(number) 

REASON  FOR  SAMPLING:  PCJ  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  1/2^/$/  19 _ a.m./gmD 

SAMPLE  COLLECTED  BY:  T),  of  £  PA 

WEATHER: _ Sl2Dm.  gaSH- jWr_  _ _ _ _ 

DATUM  FOR  WATER, DEPTH  MEASUREMENT  (Describe): _ _ 

_ -!h.t- _ : _ 


MONITORING  WELL  CONDITION: 

M  LOCKED: 

WELL  NUMBER  IS  NOT)  APPARE> 
STEEL  CASING  CONDITION  IS: 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION 


IS  NOT)  APPARENT 


WATER  DEPTH  MEASUREMENT  DAI 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  monitoring; 


GjVEL^  REQUIRED  REPAIR  (describe):. 


Checkoff 

1  [*T 


1 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  iStilhiO 
Items  Cleaned  fLisfl:  £U-$  /Pft&tp/lA 


2 

PRODUCT  DEPTH 

FT.  BELOW  DATUM 

Measured  with: 

i % 

WATER  DEPTH  f-  . V)  ’  15>TO<L- 

_ FT.  BELOW  DATUM 

Measured  with: 

j 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
ADDearance:  TMCcJn  /  MlQ/kA 

1 % 

Odor:  Uit&k-  ScdUo**/ 

Other  Comments: 

4[^ 

WELL  EVACUATION:  ,  , 

'ved:  4  QtlAUr^ 


Method:. 

Volume  Removed 

Observations:  Wateirfffightly^  very)  cloudy 

Water  level  (rose  -  fell  -  fcchang 


Water  level  (rose  -  fell  -  change)  j 
Water  odors: 

Other  comments:  '  1  ** 


Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  'fPump,  type:J>€i}5'tz^£.'h'  c 


[  ]  Other,  describe:. 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 


5ml  £<p/v  Ma 


ONSITE  MEASUREMENTS: 

Temp:  ?  /  .  ^  1 

pH: _ 

*A~(~a  Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other:  _jj- j _ 


Measured  with:_ 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 


SAMPLE  CONTAINERS  (material,  number,,  size):. 

_ 4  i/  auh  col  \kmA 


ONSITE  SAMPLE  TREATMENT: 


-75b, 


Filtration: 


Method. 

Method. 

Method. 


Preservatives  added:  H3 

WlSty 

Method _ 

Method _ 

Method _ 

Method _ 

CONTAINER  HANDLING: 

[  t^^Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  v}^Containers  Placed  in  Ice  Chest 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


OTHER  COMMENTS:, 
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Ground  Water  Sampling  Record 


SAMPLING : 
SAMPLING  : 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL . 


REASON  FOR  SAMPLING:  M  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  1  hdBk  .  19 _ am 

SAMPLE  COLLECTED  BY:  I).  K of  f  PA 

WEATHER:  ?m&ihL  U  _ 

DATUM  FOR  WATER  bEPTH  MEASUREMENT  (Describe! : 


(number) 


MONITORING  WELL  CONDITION: 

lX]  LOCKED:  ^  [  ]  UN 

WELL  NUMBER  (f&hs  NOT)  APPARENT  , 

STEEL  CASING  CONDITION  IS:  9D0CL  , 

INNER  PVC  CASING  CONDITION  IS:  ‘HMg. 

WATER  DEPTH  MEASUREMENT  DATU$  tfs)  IS  NOT) 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLEC1 
[  )  MONITORINp  WEL^EQUIRED  REPAIR  (describe): 


[  ]  UNLOCKED 


1  IS  NOT)  APPARENT 
COLLECTOR 


Check-off 

IPI 


EQUIPMENT  CLEANED  BEFORE  USE 
Items  Cleaned  (List):  Culs 


PRODUCT  DEPTH _ 

Measured  with:. 

WATER  DEPTH _ 

Measured  with:. 


\/hx  XL 


r.  BELOW  DATUM 


_FT.  BELOW  DATUM 


WATER  CONDITION  BEFOREAVELL  EVACUATION  (Describe): 

Appearance:  . _ 

Odor:  SuJjUjA 

Other  Comments: _ j  _ 

WELL  EVACUATION:  ^ 

Method:  ptAiSKilnC  _ 

Volume  Removed:  (2  ' 

Observations:  Water ^sjTghtl^-  very)  cloud^__^~ 

Water  ieveffrose  -  fell  ^<65chan^b) 
Water  odors: 

Other  comments: _ L _ 
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Ground  Water  Sampling  Record 


5  [y  SAMPLE  EXTRACTION  METHOD: 


[  ]  Jailer  made  of:_ 


.  j  m 

[  f  I ?ump,  typ 

[  ]  Other,  describe: _ 


Sample  obtained  is 
ONSITE  MEASUREMENTS: 


2PA  dd a 


Temp:  2^.  ^ 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen: 
Redox  Potential:  _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ _ 

Ferrous  Iron: _ 

Other:  & _ 


GRAB  [  ]  COMPOSITE  SAMPLE 

£ _  Measured  with:  YSX  MfjttA 

_  Measured  with: _ _ _ 

_  Measured  with: _ 

_  Measured  with: _ 

_  Measured  with: _ _ _ 

Measured  with:_ _ _ _ 

Measured  with:. _ 

Measured  with: _ 

Measured  with:  _ 


SAMPLE  CONTAINERS  (material,  number,  size): 

_ A 


plecAk  l-v?6 Dml  /iftSlZe. 

{£QjmL  Ci4hh±i  qIa&A  ^0/ 


ONSITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  H 3  j 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [y'  CONTAINER  HANDLING: 

\.y'  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  »f  Containers  Placed  in  Ice  Chest 


10  []  OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FTA 
SAMPLING  DATEfSI  1/22/96  -  1/9,7/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  _ 

(number) 

REASON  FOR  SAMPLING:  [/|  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  112^14 Lr  19 _ a.mVp.m. 

SAMPLE  COLLECTED  BY:  I?.  i(a  ir>f)be\l  of __£M _ 

WEATHER:  JlW,  ho^>r(  _ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 


MONITORING  WELL  CONDITION: 

[$  LOCKED: 

WELL  NUMBER  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  QQod 


[  ]  UNLOCKED 


TUM  ASMS? 


INNER  PVC  CASING  CONDITION  IS 

WATER  DEPTH  MEASUREMENT  DATuA  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORIN^W^L  REQUIRED  REPAIR  (describe): _ 


Checkoff 


2Mr" 


3  [*K 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  i^ojk-yO 
Items  Cleaned  (List): _ 


PRODUCT  DEPTH _ _ _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER  DEPTH _ SAll  BTOC _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  a _ _ _ 

Odor: 

Other  Comments: _ £ _ 


fa  j% 


4  [$ —  WELL  EVACUATION: 

Method:  C  j\U^nO 


Volume  Removed 
Observations:  Water  (! 


very)  cloudy 
Water  level  (rose j  fell  -  n£nhansf> 
Water  odors:  luM&f  OCCa 

Other  comments-  ^  " 
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Ground  Water  Sampling  Record 


5  [  0^  SAMPLE  EXTRACTION  METHOD: 

[  ]  Boiler  made  of: 


l  J  Boiler  made  of: _ 

[  frump,  typ  e:_p^bfet£7)0 
[  ]  Other,  describe: _ 


6[‘f^ 

Sei  if  A  iBb 


Sample  obtained  is  GRAB  [  ] 

COMPOSITE  SAMPLE 

•ASUREMENTS: 

Temp:  2 1  0  C 

Measured  with:  V5 5 $  D  O. 

fficjhj 

pH: . . . 

Measured  with: 

Conductivity: 

Measured  with: 

Dissolved  Oxygen: 

Measured  with: 

Redox  Potential: 

Measured  with: 

Salinity: 

Measured  with: 

Nitrate: 

Measured  with: 

Sulfate: 

Measured  with: 

Ferrous  Iron: 

Measured  with: 

Other:  ffo 

8[^ 


SAMPLE  CONTAINERS  (material,  number,  size):, 

A  vnc*£) 


j-  n^.rrd  nlAiZUt.  L-)V  IgSE  /-?5D  /W  £ 

■12 


^4 


ONSITE  SAMPLE  TREATMENT: 
[  ]  Filtration: 


Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

ed: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  '^^Containers  Placed  in  Ice  Chest 


10  [  ] 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATEfSI  1/22/96  -  1/T7/M 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  Flft  "  _ 

(number) 

REASON  FOR  SAMPLING:  [)Q  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  jb&ttk  19 _ _  a.m 

SAMPLE  COLLECTED  BY:  J).  of  CP/V  _ 

WEATHER:  koMtcl  Is"  f  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ _ _ _ 


MONITORING  WELL  CONDITION: 

[41  LOCKED:  - 

WELL  NUMBER  IS  NOT)  APPARENT  . 

STEEL  CASING  CONDITION  IS:  Qm  , 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:  ' 

WATER  DEPTH  MEASUREMENT  DATUM^  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORIN^yE^L  REQUIRED  REPAIR  (describe): 


Checkoff 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  iSO/h?Q 
Items  Cleaned  fLisf):  ClM.  SMUaI/lA 


2[vK 


3M^ 


\% 


4[ 


PRODUCT  DEPTH. 


Measured  with:. 


WATER  DEPTH . 


SA1  RTOC- 


Measured  with: 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  A-td/hdlOn  U>f  fUJpijt  i' _ 


Odor: _ 


Other  Comments: 


WELL  EVACUATION: 

Method: 


Volume  Removed:. 

Observations:  Water  (6liaht&L  very)  cloudy 

Water  level  (rose  -  fell  - dachang^I 
Water  odors:  /rt>Y\JL _ 


Other  comments:. 


JT.  BELOW  DATUM 


JT.  BELOW  DATUM 


Page  1  of  2 


Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


6[tr 


[  ]  Bailer  made  of: _ 

[  ]  Other,  descrioe:. _ 

Sample  obtained  is  [)^  GRAB  [  ]  COMPOSITE  SAMPLE 


S*-  iPft  olfyfe 


ONSITE  MEASUREMENTS: 

Temp:  21.0  1 

pH: _ 

u-  Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: 


Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 


[■k 


SAMPLE  CONTAINERS  (material,  number,  size):. 


ONSITE  SAMPLE  TREATMENT: 


3 504 


Filtration: 


Methods 

Method. 

Method. 


Preservatives  added: 

UiSfy 

Method _ 

Method _ 

Method _ 

Method _ 


CONTAINER  HANDLING: 


Container  Sides  Labeled 
[  ]  (Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


OTHER  COMMENTS: 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FTA 
SAMPLING  DATEIS')  1/22/96  -  1/9.7/Qfi 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  FT A  -JkS _ 

(number) 

REASON  FOR  SAMPLING:  pQ  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  }b 19 _ ^gE/p.m. 

SAMPLE  COLLECTED  BY:  D-  IftTnpligfljL  of  _ 

WEATHER:  f-  '  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 


MONITORING  WELL  CONDITION: 
^LOCKED 


LL  NUMBER  @f>IS  NOT)  APPARENT  / 
STEEL  CASING  CONDITION  IS: 

raped 

MUM  (©-I 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:. 

WATER  DEPTH  MEASUREMENT  DATUM  <{§)-  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WjjjLL  REQUIRED  REPAIR  (describe):. 


Check-gf^ 

uf 


EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  CListl:  /TflJlffSLA 


i  jnj^ 


PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER  DEPTH _ 'BTtOC. _ FT.  BELOW  DATUM 

Measured  with: _ 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ pi .  & M&. 4  _ 

0  dor:  /7U7VLP  _  £ _ _ _ 

Other  Comments: _ 


4[^ 

(Mi. 


WELL  EVACUATION:  . 

Method:  p/MCS  fe-LriY. 


Volume  Removed: 
Observations:  Water 


/ery)  cloudy 


cloudy  ...  ^ 

Water  level  (rose  -  fell  -  nc^iangeT^ 

Water  odors _ 

Other  comments: _ 
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Ground  Water  Sampling  Record 


5  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[•f^Pump,  type:_c^iLsfoijHc 
[  ]  Other,  describe: _ 


Sample  obtained  is  J 

ONSITE  MEASUREMENTS: 

Temp:  20  -io  ° 

Conductivity: _ 

Dissolved  Oxygen:  _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other:  _ 


GRAB  [  ]  COMPOSITE  SAMPLE 

C- _  Measured  with:  foT  5T  D.O  - 

_  Measured  with:  _ 

_  Measured  with: _ 

_  Measured  with:  _ 

_  Measured  with: _ 

Measured  with:  _ 

Measured  with:  _ 

Measured  with: _ 

Measured  with: _ 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  tf-=?  P0i\ 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

SAMPLE  CONTAINERS  (material,  number,  size): 


—j - l/Osi/}  L\  4 — i  ^  i  -  y - - 

l-nf  fakui  .  JEEp  dMzL 

9  =£&&£  Ud' 


ONSITE  SAMPLE  TREATMENT: 


CONTAINER  HANDLING: 


[  »}^Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  i^Containers  Placed  in  Ice  Chest 


10  [  ]  OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATEfS1)  1/22/96  -  1/? 7/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  FT  A-  j6>D _ 

(number) 

REASON  FOR  SAMPLING:  [  ]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  l]25d£i£>  ■  19 _ jgiD'p.m. 

SAMPLE  COLLECTED  BY:  J1  of 

WEATHER:  _ 

DATUM  FOR  WAJER  DEPTH  MEASUREMENT  (Describe): _ 


MONITORING  WELL  CONDITION: 

[vT LOCKED: 

WELL  NUMBER^-  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: _ 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM  (g>  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Checkoff 

1  EQUIPMENT  CLEANED  B  EFORE  USI 

Items  Cleaned  (ListV  £il 


ITH. 


o 


I'M 


PRODUCT  DEPTH . 


JT.  BELOW  DATUM 


Measured  with- 


WATER  DEPTH. 


JT.  BELOW  DATUM 


Measured  with: 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ Cj/MA  _ 

Odor:  ^ _ 


Other  Comments:. 


WELL  EVACUATION: 

Method: 


I  jteuS. 

!  Removed: 


/S  (&Lh  C 


Volume 
Observations: 


Water  very)  cloud; 

Water  leveT^rbse  -  fell 
Water  odors: 

Other  comments: _ 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ _ _ 

[-f'Pump,  type:Jk-|'0 

[  ]  Other,  describe: _ _ 

Sample  obtained  is  $  GRAB  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 

Temp:  22^  0 


5a  EPA  cfcfc 


PH: _ 

Conductivity: _ 

Dissolved  Oxygen: 
Redox  Potential:  _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with: 


7  SAMPLE  CONTAINERS  (material,  number,  sizeV 


ONSITE  SAMPLE  TREATMENT: 


Filtration: 


Method, 

Method, 

Method 


Preservatives  added:  ff  g  Pud 

Method _ 

Method _ 

Method _ 

Method _ 


CONTAINER  HANDLING: 


[  t^^Container  Sides  Labeled 
[  ]  ^Container  Lids  Taped 
[  -f  Containers  Placed  in  Ice  Chest 


Containers:. 

Containers:. 

Containers: 


Containers:. 

Containers:. 

Containers:. 

Containers: 


OTHER  COMMENTS:. 


Page  2  of  2 


Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  PATHS)  1/22/96  ■  1/77/Qfi 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  FTA  -/£> 


REASON  FOR  SAMPLING:  OJ  Regu 
DATE  AND  TIME  OF  SAMPLING 


.egutar  Sampl 


Sampling;  [  ]  Special  Sampling; 


(number) 


SAMPLE  COLLECTED  BY:  £>. 
WEATHER: _ 5oA^f}  l$°  Ft  UoM\d 


19 


of _ fPA 


(£m^p.m. 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 
_ -7 t>C. _ " 


MONITORING  WELL  CONDITION: 

[XI  LOCKED: 

WELL  NUMBER  (ISy  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  ~  '  ' 


[  ]  UNLOCKED 


’  i  / 


INNER  PVC  CASING  CONDITION  fc-  _ 

WATER  DEPTH  MEASUREMENT  DATtjM  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

T  Ji/C  _ 


Check-off 

i  [»r 


EQUIPMENT  CLEANED  BEFORE  U. 
Items  Cleaned  (List): 


WITFL_  iso  JjnQ 


2[^ 


PRODUCT  DEPTH 


_FT.  BELOW  DATUM 


ifakt. 


Measured  with: 


WATER  DEPTH. 


Umi  moL, 


JFT.  BELOW  DATUM 


Measured  with: 


H'f' 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe):  ,  . 


Appearance:  tl 

Odor: _ 

Other  Comment  ^ 


£ 


Pi SI  (/X/}*—' 


WELL  EVACUATION: 

Method:  P&0*MJk 


Volume  Removed: _ 2L 


Observations:  Water  fefightly  -  very)  cloud} 

Water  level  (rose  -  fell  - 1 
Water  odors: 


Other  comments 


:  ^troyLCj  < 

ients:  ^ 
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Ground  Water  Sampling  Record 


5  [  ^  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ __ 

[wf'Pump,  type:_^;s<fc(4/ic_ 
[  ]  Other,  describe: _ 


Sample  obtained  is  f/]  GRAB  [  ]  COMPOSITE  SAMPLE 


6  [\<r  ONSITE  MEASUREMENTS: 

Temp:  _2±_f]_0  d. 


Sec  EM- to, 


pH: _ 

Conductivity: _ 

Dissolved  Oxygen: 
Redox  Potential:  __ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:  1ST  f\  O 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ _ _ 

Measured  with:  _ 

Measured  with:  _ 

Measured  with:  _ 


7[v^ 


to 


10  [  ] 


SAMPLE  CONTAINERS  (material,  number,  size): 

. MM 


4  ttovA  o  /  ti?  POa  _ 

hl2S  mi  ftycLhl  /-2<D  ,W  1E3EL 

2'3D  svnJL  '^,aa  77771  c/ u  7 


8  [  ^  ONSITE  SAMPLE  TREATMENT: 


t  J 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[to 

Preservatives  added:  l 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


Container  Sides  Labeled 
[  ]  ..Container  Lids  Taped 
\j\  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FTA 
SAMPLING  DATEf'S')  1/22/96  -  \J22M 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  _ _ 

(number) 

REASON  FOR  SAMPLING:  f/j  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  Ihlof^L  1 9 _ a.m./gnD 

SAMPLE  COLLECTED  BY:  ~D  of  fipA- 

WEATHER:  ,  hMid _ _ _ _ 

DATUM  FOR  WATER  fc)EPTH  ME  A  SI  JR  RMENT  mesrriheY 
'706- 


MONITORING  WELL  CONDITION: 

(tfj  LOCKED: 

WELL  NUMBER  (/(§)•  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  OOPO 


[  ]  UNLOCKED 


■km 


INNER  PVC  CASING  CONDITION  IS 
WATER  DEPTH  MEASUREMENT  DATUM  (ft)  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  /VV%?  ft 
Items  Cleaned  (List):  A 


2[ ^T" 

'linhb 


PRODUCT  DEPTH 

FT.  BELOW  DATUM 

Measured  with: 

WATER  DEPTH  1-%'  'B7r)C 

FT.  BELOW  DATUM 

Measured  with: 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  2_ _ 

Odor 

Other  Comments: _ 


4[^ 

l|  it 


WELL  EVACUATION: 

Method:  _ 

Volume  Removed:  3 

Observations:  Water  (sightly  -  very)  cloudy 

Water  level  (rose  -  fell  -pq'change) 
Water  odors:  U&hk 
Other  comments:  /K 
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Ground  Water  Sampling  Record 


5  [  ^  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  Pump,  type:^v<^/j^ 
[  ]  Other,  descrioe: _ 


Sample  obtained  is  [Xj  GRAB  [  ]  COMPOSITE  SAMPLE 


See  2 "PA  5b{fr< 


ONSITE  MEASUREMENTS: 


Temp:  2K  0  @ 

Measured  with:  /5j.  5”5*  2>.0  Mittal 

pH:  . 

Measured  with: 

Conductivity: 

Measured  with: 

Dissolved  Oxygen: 

Measured  with: 

Redox  Potential: 

Measured  with: 

Salinity: 

Measured  with: 

Nitrate: 

Measured  with: 

Sulfate: 

Measured  with: 

Ferrous  Iron: 

Measured  with: 

Other: 

7  [Jf'  SAMPLE  CONTAINERS  (material,  number,  size): _ 

fjf  lOOf)  L^jj  biz?  f&A _ _ _ 

jHIr-W  ,  /-25Z).W 

8  [ -f  ONSITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  CONTAINER  HANDLING: 

("1^  Container  Sides  Labeled 
[  ]  ^Container  Lids  Taped 
[  4^  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ 


Page  2  of  2 


Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATEfS’)  1/22/96-1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  PtA  —LI iL. 


REASON  FOR  SAMPLING:  [ft  Regulars, 
DATE  AND  TIME  OF  SAMPLING:  l/20 
SAMPLE  COLLECTED  BY:  I).  J&n 


ipling 

L. 


WEATHER:  ,  l5bf,  hot* 


[  ]  Special  Sampling; 
j  19 _ a.m. 

of  l££L _ 


(number) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 


MONITORING  WELL  CONDITION: 

[#  LOCKED: 

WELL  NUMBER  (£s>  IS  NOT)  APPARENT  , 
STEEL  CASING  CONDITION  IS:  OTTM  . 

INNER  PVC  CASING  CONDITION  IS:  /  <jpCl 

ATU^I  W-  IS  > 


Check-off 

u-r 


jnfat, 


<k/% 


[  ]  UNLOCKED 


WATER  DEPTH  MEASUREMENT  DATUM  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


EQUIPMENT  CLEANED  BEFORE  US 
Items  Cleaned 


5EFORE  USE  WITH  , 
(List): 


isoJh/D 


PRODUCT  DEPTH 


_FT.  BELOW  DATUM 


Measured  with: 


WATER  DEPTH. 


4J£1  2J0L 


FT.  BELOW  DATUM 


Measured  with: 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance: 


Odor:  i-J-Citk  5, 


Other  Comments:, 
WELL  EVACUATION: 


1 1W1N.  .  t 

Method-  (l£l)sfcj£nc  [UyrnP 
i  r  _  t  n  /  "  t  <7  y  J .  f!  / .  J  A 


Volume  Removed:  ^ 


Observations:  Water  (ffightQ  -  very)  cloudy 

Water  level  (rose  -  fell 
Water  odors: 


Other  comments:. 


Ground  Water  Sampling  Record 


5N^ 


SAMPLE  EXTRACTION  METHOD: 


6[-T 


[  ]  Bailer  made  of: _ 

Pump,  type:_  {lcA)$fc<£'h  { 

[  ]  Other,  describe: _ 

Sample  obtained  is  [  ^  GRAB  [  ]  COMPOSITE  SAMPLE 


OtxjUv 


ONSITE  MEASUREMENTS: 

Temp:  Q*l5. 

PH: _ 

Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 


hi  55~  Da  U/ltbA 


7  [  SAMPLE  CONTAINERS  (material,  number,  size): 

A 

!i  -Sh/toJL  aPs,  A^  ^  J 


njr' 


ONSITE  SAMPLE  TREATMENT: 


Filtration: 


Method, 

Method, 

Method, 


[  Preservatives  added:  Ha  POd 

% 

Method _ _ 

Method _ 

Method _ 

Method _ 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:, 

Containers:. 

Containers:. 


9 


CONTAINER  HANDLING: 


[  Container  Sides  Labeled 

[  Container  Lids  Taped 

[  ~f  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  j 
SAMPLING  DATE(S)_l/2 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ ±_ 

REASON  FOR  SAMPLING:  [)j  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  ! j?L  ML  19 _ a.n 

SAMPLE  COLLECTED  BY:  D  1/r/rtJhPll  of  £PA 

WEATHER:  k  L)/rt\rl  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

-fOCL 


(number) 


MONITORING  WELL  CONDITION: 

[yi  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  tjtndef  _ 

INNER  PVC  CASING  CONDITION  IS<  QrtOC'ri 

WATER  DEPTH  MEASUREMENT  DAT#M  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  ,yELL  REQUIRED  REPAIR  (describe): _ 


Checkoff 

i[f 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (Listi:  OtAx  ATk 


’■7I% 


>/«. 


4[w K" 


ifu*k 


PRODUCT  DEPTH _ 

Measured  with:. 

WATER  DEPTH _ : 

Measured  with: 


4.5&'  &7g>c 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  _ _ _ 

Odor  \_dmL _ _ 

Other  Comments: _ 

WELL  EVACUATION:  ,  ^ 

Method:  pi4>5kULn<^  tU^O 

Volume  Removed:  il  \  _ 

Observations:  Water^fightly  -  very)  cloudy 

Water  level  (rose  -  fell  -<fio'change\ 
Water  odors:  uX4\J<i  -  ,fnccL 
Other  comments: _ 


BELOW  DATUM 


.  BELOW  DATUM 
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Ground  Water  Sampling  Record 


5  ['Y' 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

Pump, 

[  ]  Other,  describe: _ 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 


bee.  EM  kK 


ONSITE  MEASUREMENTS: 

Temp:  J?3.5  ( 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 
Measured  with 


/CUter 


7  [  SAMPLE  CONTAINERS  (material,  number,  size):_ 

_ A _ i/0(Lb  _ 


ONSITE  SAMPLE  TREATMENT: 


Filtration: 


Method. 

Method.. 

Method. 


Containers:. 

Containers:. 

Containers:. 


Preservatives  added: 

Method_ 

Method _ 

Method _ 

Method _ 


CONTAINER  HANDLING: 


[  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 


Containers:, 

Containers:. 

Containers:. 

Containers:, 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATE(S)  1/22/96-  1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  t  /  A  _ 

(number) 

REASON  FOR  SAMPLING:  Q(|  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  .  1 9 _ 

SAMPLE  COLLECTED  BY:  1? .  of  <fPA  _ 

WEATHER: _ ImILD  lSc  f  .  ha^icl _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ _ 


MONITORING  WELL  CONDITION: 

$  LOCKED: 

WELL  NUMBER  IS  NOT)  APPARENT  . 

STEEL  CASING  CONDITION  IS: 

INNER  PVC  CASING  CONDITION  IS: _ '  1 


[  ]  UNLOCKED 


WATER  DEPTH  MEASUREMENT  DATUM<gS>  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPCl  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

_ 2l£VL _ 


Check-off 

1  Cv} — 

EOUIPMENT  CLEANED  BEFORE  USE  WITH  .  /V)  //),  D 

• 

Items  Cleaned  (List):  _  . . . 

PRODUCT  DEPTH  . 

FT.  BELOW  DATUM 

Measured  with:  _  _  _ 

\jnfa 

WATER  DEPTH  5.0Z '  'BTDC... 

_ ft.  BELOW  DATUM 

Measured  with: 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance:  lilt',  a 

i  1 % 

4(^ 

odar.mal-sin)/ic{  sUJui  . 

Other  Comments^  . 

WELL  EVACUATION:  , 

Method:  pusvr>f) 

Volume  Removed:  4.5  GaDGjmA 

Observations:  Water  fctightlj( -  very)  cloudy 

Water  level  (rose  -  fell  -  fltTchans^ 

Water  odors:  _ 

Other  comments:. 
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Ground  Water  Sampling  Record 


5  [vK  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  ‘j-'l’mnp.  type:  r^o"Mifrc_ 
[  ]  Other,  describe: _ 


Sample  obtained  is  $  GRAB  [  ]  COMPOSITE  SAMPLE 


6  ONSITE  MEASUREMENTS: 

Temp:  %)  A  °  _£ 

pH: _ 

Conductivity: _ 

S&£P/1  tefo  Dissolved  Oxygen: - 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other:  Jk _ 


Measured  with:  Vfxi-  fiS 

Measured  with:__ _ 

Measured  with:__ _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7[vf^ 


8[vT" 


SAMPLE  CONTAINERS /material,  number,  size): 


ONSITE  SAMPLE  TREATMENT: 

[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  /^Z&l 

MzSki 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  \yC~~  CONTAINER  HANDLING: 

[  Container  Sides  Labeled 

[  ]  (Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  DATECSI  1/22/%-  1/37/Qfi 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  FTA -2/OS 


REASON  FOR  SAMPLING:  [)fl  Regular  Sampling; 
DATE  AND  TIME  OF  SAMPLING:  lUshf*  " 
SAMPLE  COLLECTED  BY:  D,  M 
WEATHER:  5oA(\^f  , 


[  ]  Special  Sampling 


(number) 


19 


of  ££A 


CajnVpjrci^ 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 
_ "TOC—  _ 


MONITORING  WELL  CONDITION: 

[UNLOCKED: 

WELL  NUMBER  ((f>-  IS  NOT)  APPARENT  , 
STEEL  CASING  CONDITION  IS:  QOO£j  , 


Checkoff 

l[vf 


2C^ — 

'W% 

3[<^ 

•1^ 

^1% 


(  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM^-  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WEJjL  REQUIRED  REPAIR  (describe):. _ 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  /fe?  /4  >  (2 

am  /mtfars 


Items  Cleaned  (List):. 


PRODUCT  DEPTH 


_FT.  BELOW  DATUM 


Measured  with: 


WATER  DEPTH 


4.17'  BTflC. 


JFT.  BELOW  DATUM 


Measured  with: 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 


Appearance 
Odor: _ /?kM 


EFORE  WE 


Other  Comments: 


WELL  EVACUATION: 

Method: 


Volume  Removed:. 
Observations:  Water 


Z 


-  very)  cloudy 

Water  level  (rose  -  fell  -  nqr^Kan^e 
Water  odors:  /Wlcd * 

Other  comments: _ 


Ground  Water  Sampling  Record 


5  [  ^  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ . _ 

[  j'Pump,  type:  tioiskMuZ 
[  ]  Other,  describe: _ 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 


5m 


ONSITE  MEASUREMENTS: 

Temp: _ 22.)  ° 

PH: _ 

Conductivity: _ 

Dissolved  Oxygen: _ 

Redox  Potential: _ 

Salinity: _ _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron:  _ _ 

Other: 


Measured  with:  V6C  *1*5  3)  0  fY&tjtA 

Measured  with:_ _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7  [  “  SAMPLE  CONTAINERS  (material,  number,  size): _ 

_ A  . ■■ 

mm  &L  qMaH  m 

8  [  ONSITE  SAMPLE  TREATMENT: 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [<“  CONTAINER  HANDLING: 

[  Container  S  ides  Labeled 

[  ]  Container  Lids  Taped 
[  if  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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Ground  Water  Sampling  Record 


SAMPLING : 
SAMPLING : 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  FT  A  -?Ci\ 

REASON  FOR  SAMPLING:  [XI  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  .19  iCByp.m. 

c  a  x  /nr  rr  r  t  7j  .  i  ~  .  ;  f  s*  j\  A  11  =~-- 


SAMPLE  COLLECTED  BY:  P.  fomnfieJLl  of 
WEATHER: _ Ony,  fj 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 

TOC- 


(number) 


MONITORING  WELL  CONDITION: 

[Y|  LOCKED: 

WELL  NUMBER  IS  NOT)  APPARENT  . 
STEEL  CASING  CONDITION  IS: 

INNER  PVC  CASING  CONDITION  IS/  Oft. 
WATER  DEPTH  MEASUREMENT  DATUM  fl 


[  ]  UNLOCKED 


/-  IS  NOT)  APPARENT 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  M 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  fLisf):  slrw 


2[vT" 


I  In  fa 


3[<" 


PRODUCT  DEPTH _ 

Measured  with: _ 

WATER  DEPTH _ 4.1  fa  BTPf. _ 

Measured  with: _ 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  &Aod  \f _ 

Odor:  /ModlL<atl 

Other  Comments:  _ 

WELL  EVACUATION: 

Method:  OtA  j  ^sk£f)  C.  _ 

Volume  Removed:.  >) 

Observations:  Watef{Tlightl^-  very)  cloudy 

WaterTevel  (rose  -  fell  -  tfochana^ 
Water  odors:  /ftW-  ShTOAtt  Sulj. 
Other  comments: _ _ L 


FT.  BELOW  DATUM 


FT.  BELOW  DATUM 
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Ground  Water  Sampling  Record 


5  [  I y'  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  type:_r^  b  fcjG,  H  C_ 

[  ]  Other,  describe: _ 


Sample  obtained  is  [Sf' 1  GRAB  [  ] 

COMPOSITE  SAMPLE 

6 

ONSITE  MEASUREMENTS: 

Measured  with:  5*5"  /f'W'fe* 

Temp:  77. \  0  0 

pH: 

Measured  with: 

Conductivity: 

Measured  with: 

rieL  i.Qfr  c(sM 

Dissolved  Oxygen: 

Measured  with: 

Redox  Potential: 

Measured  with: 

Salinity: 

Measured  with: 

Nitrate: 

Measured  with: 

Sulfate: 

Measured  with: 

Ferrous  Iron: 

Measured  with: 

Other: 

7{Y 


8  [wK 


SAMPLE  CONTAINERS  (material,  ni 

i  \J0co\ 


,  number,  size;: _ 

,  I  -  2*3)  sn/  d&sfoZ. 
2i_s&  _ _ _ 


ONSITE  SAMPLE  TREATMENT: 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [sf  CONTAINER  HANDLING: 

Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ^  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  DATEfS)  1/22/96  -  1/77AK 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  F'jfi-'?).*) 


REASON  FOR  SAMPLING:  [/]  Regular  S; 
DATE  AND  TIME  OF  SAMPLING:  1/2 
BCTED  BY:  P-  '/c.I-n 

Ji2H£hL  kHoM 


SAMPLE  COLLE' 
WEATHER: 


pling 


[  ]  Special  Sampling; 
j  19 _ a.mj#n-p 

°f  ZM  _ 


(number) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 

*"***  r  _ 


MONITORING  W£LL  CONDITION: 

[^LOCKED: 

WELL  NUMBER^  IS  NOT)  APPARENT  , 
STEEL  CASING  CONDITION  IS 


[  ]  UNLOCKED 


UTjffc  (f§>  IS  N 


INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM  (f§)  IS  NOT)  APPARENT 
(  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELLRpQUIREIp  REPAIR  (describe): _ 


3  WELL  REQUIRED  REPAIR  (descrit 

SJ- — Pvt-  "  sjLulilll £MU4LL 


Check-off 


EQUIPMENT  CLEANED  BEFORE  USE 
Items  Cleaned  (List): _ 


tas: - 


2  1- 


product  DEPTH . 


JT.  BELOW  DATUM 


127  m 


fa> 


Measured  with: 


WATER  DEPTH . 


3^1  'kit) c_ 


_FT.  BELOW  DATUM 


Measured  with: 


3f4 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor: — U&Jt  2]aL 


Other  Comments:. 


t-N' 


WELL  EVACUATION:  ,  , 

Method: 

Volume  Removed:  ^  fagfcj 

Observations:  Water  ^tightly  Avery)  clou 

Water  level  (rose  -  fell  Cno 
Water  odors: _ c {J£QlU 


Other  comments:. 
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Ground  Water  Sampling  Record 


5 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[c^fump,  type:_A^j5foj2,/|<_ 

[  ]  Other,  describe: _ 


Sample  obtained  is 


GRAB  [  ]  COMPOSITE  SAMPLE 


6  K  ONSITE  MEASUREMENTS: 


\l  m  M, 


Temp: . 2L£>  0 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen:  _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other  4-> _ 


£ 


Measured  with:  Y'Sl  *>5"  Mltl 3 

Measured  with: _ 

Measured  with:_ _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7 


8 


9[ 


10  [  ] 


SAMPLE  CONTAINERS  (material,  number,  si^e):. 


2 


-  M3. 


Tm 


mh  to 


_l _ I _ IL 


ONSITE  SAMPLE  TREATMENT: 


[  ] 


Filtration:  Method _ 

Method _ 

Method _ 

Preservatives  added:  Ho  4V 

Method _ 

Method _ 

Method _ 

Method _ 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


CONTAINER  HANDLING: 


[•*[  Container  Sides  Labeled 
(  ]  Container  Lids  Taped 
[  J^Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATEfS)  1/22/96-  1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 

REASON  FOR  SAMPLING:  [vfR^iIar  Sampli 
DATE  AND  TIME  OF  SAMPLING:  U2dl^. 


73£z2iT 


ipling; 


SAMPLE  COLLECTED  BY:  ID-  to! 
WEATHER: _ ^ 


[  ]  Special  Sampling; 

,  19  a.mVp.m. 

oT 


(number) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 
_ _ : 


MONITORING  WELL  CONDITION 
/]  LOCKED: 


Check-off 

i  vf 


/WELL  NUMBER  (f£?IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: 


(  ]  UNLOCKED 


tVJClN  1  t 

anm 

•  'fSYV 


INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DA 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 


IS  NOT)  APPARENT 


PRODUCT  DEPTH. 


JFT.  BELOW  DATUM 


Measured  with:. 


WATER  DEPTH. 


231 ' _ 2221 


JT.  BELOW  DATUM 


Measured  with: 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance: _ MMsI 


Odor: _ /ftWUL 


Other  Comments: 


WELL  EVACUATION: 


a  ion.  /  /|i. 

Method:  ^iSZdlnc.  kcmfi 

Volume  Removed:  *7  f  6A<PL4Y\/\ 


Observations: 


Water<^sligmly)-  very)  cloud; 

Water  level  (rose  -  fell  - _ 

Water  odors:  urfo  lL  Z> 
Other  comments: _ 


Ground  Water  Sampling  Record 


5 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[►frump,  type:_A^,5i5£ftC 
[  ]  Other,  describe: _ 


Sea.  in 


Sample  obtained  is 


GRAB  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 


(Mh 


TemP; . . 25  <  L _ 0 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen:  _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


L 


Measured  with:  Y*>1  Sfj  D.O-  AUXtA 

Measured  with: _ 

Measured  with: _ 

Measured  with:_ _ 

Measured  with:J _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7 


8LK" 


SAMPLE  CONTAINERS  (material,  number,  size)- _ 

_ 4 

hues  ^  tkM  fiuAtz* 

ONSITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[ 

Preservatives  added: 

Metfiod 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[  Container  Sides  Labeled 

[  ]  ^'Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 


10  []  OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING : 
SAMPLING : 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  [  ifltegular  Sampling;  [  ]  Spec 
DATE  AND  TIME  OF  SAMPLING:  19 

SAMPLE  COLLECTED  BY:  D .  of _ 

WEATHER: 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 


[  ]  Special  Sampling; 

,  19 _ a.r 

of  9  PA 


(number) 


MONITORING  WELL  CONDITION: 

[#  LOCKED: 

WELL  NUMBERjJ^  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: 

INNER  PVC  CASING  CONDITION  IS:  ‘'  fe 
WATER  DEPTH  MEASUREMENT  DAT^Mi 


[  ]  UNLOCKED 


IS  NOT)  APPARENT 


[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

_ T  D\/C  ’ 


n\% 


Checljyoff 

I  (< 


23  % 


EQUIPMENT  CLEANED  BEFORE  USI 
Items  Cleaned  (List):  qJ. 


PRODUCT  DEPTH _ 

Measured  with: _ 

WATER  DEPTH _ 2=J£ll  _ 

Measured  with: _ 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _  _ 

Odor: _ Ltfftu'  ^ _ 

Other  Comments: _ •_ _ 

WELL  EVACUATION:  , 

Method:  JkdhkfflC  JkdJZlQ. _ _ _ 

Volume  Removed:  _ 

Observations:  Water  fsfi&htly^-  very)  cloudy — 

Water  level  (rose  -  fell  -<Ko  changed 
Water  odors:  ' 

Other  comments: _ L _ 


f.  BELOW  DATUM 


FT.  BELOW  DATUM 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  ]  Other,  describe: _ 

Sample  obtained  is  [  Y  GRAB  [  ]  COMPOSITE  SAMPLE 


5 &L  > 


ONSITE  MEASUREMENTS: 

Temp:  2S,0  0 

pH: _ 

-/T  Conductivity: _ 

^  Dissolved  Oxygen:  __ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 


vT 


SAMPLE  CONTAINERS  (material,  number,  size):. 


ONSITE  SAMPLE  TREATMENT: 


Filtration: 


Method. 

Methods 

Method. 


Preservatives  added:  fig  /v<d 
Method _ 


Method. 

Method. 

Method. 

Method. 


[  Container  Sides  Labeled 

[  ]  ^Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 


CONTAINER  HANDLING: 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  i 
SAMPLING  ] 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  CPl  -  1 

REASON  FOR  SAMPLING:  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  lj23j%2  •  1 9 _ a.m./d^nt) 

SAMPLE  COLLECTED  BY:  !>•  Kg^>eVl  of  PA _ 

WEATHER:  30/m\/  ^  CL  '  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  /Described 
rWlcrk  on  ~TC»C 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  _  [)<f  UNLOCKED 

WELL  NUMBER  (IS  -  {S-NOTb APPARENT 

STEEL  CASING  CONDITION  IS:  AjAj  _ 

INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM  \ IS  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  .REQUIRED  REPAIR  (describe): _ 


Check-off  , 

1  EQUIPMENT  CLEANED  BEFORE  USE  WITH/5q/W^ 

Items  Cleaned  IListV  &££ 


ll2l]% 


mP 


)/Z3/^ 


PRODUCT  DEPTH _ 

Measured  with: _ 

WATER  DEPTH  3»6>0^ 

Measured  with: _ 

WATER  CONDITION  BEFORE 
Appearance: 

Odor:  /Yhccf.  .5< 

Other  Comments: _ 


LL  EVACUATION  (Describe): 

dUrod^i 


WELL  EVACUATION: 

Method:  bTalfoc.  pa/vuP _ 

Volume  Removed:  P 

Observations:  Water  (slightly  -  cloudy 

Water  level  (rose  -  fell  -  rfochanp 
Water  odors:  Mod- 

Other  comments:  l/.  CWiX 


f.  BELOW  DATUM 


JFT.  BEL  JW  DATUM 
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Ground  Water  Sampling  Record 


5[iT 


SAMPLE  EXTRACTION  METHOD: 


6  l*' 


5 (jl 

(Ufa 


[  ]  Bailer  made  of: _ _ _ 

[Jjf' Pump,  type:  fcfl. h  (_ 

[  ]  Other,  describe: _ _ 

Sample  obtained  is  ]/\  GRAB  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 

Temp:  2VO 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen: 
Redox  Potential:  __ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: 


Measured  with:.  V3T 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


.0-  MjrizA 


[  SAMPLE  CONTAINERS  (material,  number,  size): _ 

_ 4  s-  u)J  H*  ? Oa 


£$£A  v/un^C 
.  Z  V] 


ONSITE  SAMPLE  TREATMENT: 


Filtration: 


Method. 

Method. 

Method 


Preservatives  added: 

Method _ 

Method _ 

Method _ 

Method _ 


CONTAINER  HANDLING: 


[  0^ Container  Sides  Labeled 
[  ]  jContainer  Lids  T?.oed 
[  Containers  Placec  in  Ice  Chest 


Containers:, 

Containers:. 

Containers: 


Containers:, 

Containers:. 

Containers:, 

Containers: 


OTHER  COMMENTS: 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  j 
SAMPLING  DATE(S)_l/2 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ 

REASON  FOR  SAMPLING:  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  [UduMl  •  19 _ a.r 

SAMPLE  COLLECTED  BY:  3).  I  of  fPA 

WEATHER: _ J  O  A  mi .  ktlMM  rX  1<°  r _ 

DATUM  FOR  WATER  DEPTft  MEASUREMENT  (Describe): 

-TOC. 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [£  UNLOCKED 

WELL  NUMBER  (IS  -  ^NOt>  APPARENT 

STEEL  CASING  CONDITION  IS:  /VA  , _ 

INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUW(IS  -  I&JQT^  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Checkoff 

1  M 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  I3o//uO 
Items  Cleaned  CListV  ClST  /fTtTA 


3 

]v>  ho 


PRODUCT  DEPTH _ 

Measured  with:. 

WATER  DEPTH _ 

Measured  with: 


3*0>T  15T0C 


WATER  CONDITION  BEFORE  WELL, EVACUATION  (Describe): 
Appearance: 

Odor:  V  * 

Other  Comments: _ 


C  i)Uyyr\4. 


WELL  EVACUATION:  ,  ** 

Method:  rpJ2A  /S  TCdCn  C 

Volume  Removed: _ 

Observations:  Water  ^light^- very)  cloudy 

Water  level  (rose  -  fell  -  rtrTcF 
Water  odors:  LjCdJt 

Other  comments: _ 


L  BELOW  DATUM 


FT.  BELOW  DATUM 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: 

[  ¥ . Pump,  type:_Oei  (_ 

[  ]  Other,  describe: _ 


S(SL  £PA 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 

Temp:  _25~\  0  (L 

PH:_ _ 

Conductivity:  _ _ 

Dissolved  Oxygen: _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ _ 

Ferrous  Iron: _ _ 

Other:  _ 


Measured  with:  T  D.fl  . 

Measured  with: _ _ _ 

Measured  with:_ _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with:_ _ 

Measured  with: _ _ _ 

Measured  with: _ 


7  [" 


H 


■s' 


SAMPLE  CONTAINERS  (material,  number,  size): 

wd-.  vq&L  -  0$  Wi 


WtfiL  \ 

A.  Qxniid — (32  hFfd-td,  ~  th  SCkj 


ONSITE  SAMPLE  TREATMENT: 


9[ 


[  ] 

[ 


Filtration: 


Method. 

Method. 

Method. 


Preservatives  added:  tf 3 

HpSOl 

Method _ _ 

Method _ 

Method _ 

Method _ 


CONTAINER  HANDLING: 


: 


Container  Sides  Labeled 
[  ]  ^Container  Lids  Taped 
[i/f  Containers  Placed  in  Ice  Chest 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


10  [  ] 


OTHER  COMMENTS:. 


Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  DATEfSI  1/22/96-  1/77/Q6 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL . 


CPT-?> 


REASON  FOR  SAMPLING:  [  ]  Regular  S 
DATE  AND  TIME  OF  SAMPLING: 
SAMPLE  COLLECTED  BY:  D 
WEATHER:  SlOJUI^ 


ceguiar  same 


pling 

'Ll. 


[  ]  Special  Sampling; 

19 _ a.m./pdn^ 


(number) 


.o~r jm. 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 
_ TOC, _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  _ 

WELL  NUMBER  (IS  -  IUIQ^ APPARENT 
STEEL  CASING  CONDITION  IS:  /UA 

INNER  PVC  CASING  CONDITION  IS: 

ATUM(IS-l6 


[)(l  UNLOCKED 


WATER  DEPTH  MEASUREMENT  DATU^IS  -  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING ,^ELL  I^UERED  REPAIR  (describe): _ 


72  " 


Check-off 

![>/ 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


ilihD. 


PRODUCT  DEPTH. 


_FT.  BELOW  DATUM 


] jnj^ 


Measured  with:. 


U 


WATER  DEPTH 


3 .45 


ST  PC- 


FT.  BELOW  DATUM 


Measured  with: 


3[«r" 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  ^4^U/CdhrtjL  Y~J \f 


Odor:  /7H  OCl  -  T, 


Other  Comments: 


WELL  EVACUATION: 

Method: 


Volume  Removed 
Observations:  Water  ( 


oved: 


WfiEPl 


very)  clou 

Water  level  (rose  -  fell  - 
Water  odors:  /MOd  A 
Other  comments:. 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:. 

[  l^Pump,  type:_pe, 
[  ]  Other,  describe:. 


6[ 


Sample  obtained  is  ^<f  GRAB  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 


So.  iP/\ 

c Irifa 


Temp:  25* 2.  °  C. 

Measured  with:. 

pH: 

Measured  with:. 

Conductivity: 

Measured  with: 

Dissolved  Oxygen: 

_  Measured  with:. 

Redox  Potential: 

Measured  with:. 

Salinity: 

Measured  with:. 

Nitrate: 

Measured  with:. 

Sulfate: 

Measured  with:. 

Ferrous  Iron: 

Measured  with:. 

Other:  Hn 

VOJ  55~  M: 


SAMPLE  CONTAINERS  (material,  nun 


X p2£ad_ 

/-  Ciantki 


'W' 


'£a&KlL)  ~  TMZM 


^  %&££>  tetth. 


ONSITE  SAMPLE  TREATMENT: 


10[  ] 


1 1 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[nJ^ 

Preservatives  added:  /f  2  PO4 

Asy 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

[  '•T^'contamer  S:Jes  Labeled 
[  ]  Container  Lids  Taped 
[  J^^Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATECS!  1/22/96-1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  IP \r£ _ 

(number) 

REASON  FOR  SAMPLING:  [  ]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  i/2b  Ms  .  1 9 _  (gmVp.m. 

SAMPLE  COLLECTED  BY:  £) .  of  JMH. _ 

WEATHER:  U>Lnm/-  ITr'  r  _ _ _ 

DATUM  FOR  WATER  6EPTH  MEASUREMENT  fPescribel: 

_ TOC. _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^ ^ 

WELL  NUMBER  (IS -<gNOT^XPPARENT 
STEEL  CASING  CONDITION  IS \_^ST  ML 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  L.  _ 

WATER  DEPTH  MEASUREMENT  DATUM^IS  -dS^NO^  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORINgyELj,  REQUIRED  REPAIR  (describe): 


Checkoff 

_  l  [ur 

EOUIPMENT  CLEANED  BEFORE  USE  WITH  D 

• 

Items  Cleaned  (List):  _  . 

PRODUCT  DEPTH 

FT.  BELOW  DATUM 

Measured  with: 

WATERDEPTH  Tic  1  ' 

FT.  BELOW  DATUM 

Measured  with: 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance:  tW&A 

l/zifa 

Odor.LXiiJi  lAA,pUveAsi\D*T-- 

Other  Comments:  ^  _ 

WELL  EVACUATION:  , 

Method:  Q Ml<MLnC  fUfn/) 

Volume  Removed:  U  CdtH _ 

Observations:  Water  f^ehtiv)-  very)  cloudy 

Water  leveT(rose  -  fell  -({Jcfchange) 

Water  odors:  ~~3Cj2jc^J  hllfi/fCAA  > 

Other  comments:  ....  /  V 
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Ground  Water  Sampling  Record 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Boiler  made  of:  _ 

[  vK^ump,  type:_£^j oWc 
[  ]  Other,  describe: _ 


Sample  obtained  is  [£}"t}RAB  [ 


ONSITE  MEASUREMENTS: 

Temp:  \ 

pH:. 


Z$h  dlifr  Conductivity: 


Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: 


Ferrous  Iron: 
Other: _ 


COMPOSITE  SAMPLE 

Measured  with:  jt>T  D-  O  .  //Uxfe 1 

Measured  with:  _ 

Measured  with:  _ 

Measured  with:_ _ 

Measured  with:  _ 

Measured  with: _ 

Measured  with:  _ 

Measured  with:. _ 

Measured  with: _ 


7  SAMPLE  CONTAINERS  (material,  number,  size): 


2 (material,  numb 

•fty  w; 


8  ;  ONSITE  SAMPLE  TREATMENT: 


- u  a4  - - a .... 

1  zllKml  pU(.rb\L  [  uy  /  -  2g>  on# 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[v-r" 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  CONTAINER  HANDLING: 

\y^  Container  Sides  Labeled 

[  ]  ^Container  Lids  Taped 

[✓j  Containers  Placed  in  Ice  Chest 


10  []  OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cane  Canaveral  FT  A 
SAMPLING  DATE(S)  1/22/96  -  1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  I  -  fi 

REASON  FOR  SAMPLING:  Regular  Sampling;  [  ]  Special  Sampling; _ 

DATE  AND  TIME  OF  SAMPLING:  ifrSVjC?  .  19 _ r-IS7i^m) 

SAMPLE  COLLECTED  BY:  j),  &  mOhj>Pf  of  JM, 

WEATHER:  '  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ me _ 


(number) 


MONITORING  WELL  CONDITION: 

f]  LOCKED:  _ 

WELL  NUMBER  (IS  -d^NOTOUPP. 
STEEL  CASING  CONDITION  IS: 


Check-off 

1[< 


2(  ] 


3[ 


4[ 


fa 


j/\  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:  _ 

WATER  DEPTH  MEASUREMENT  DATU#t  (IS  -  iS^OT^APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  VELL  REQUIRED  REPAIR  (describe): _ 

_ _ _ 


EQUIPMENT  CLEANED  BEFORE  US 


Items  Cleaned  (List):_ 


&LL  /WJp?]A _ 


PRODUCT  DEPTH. 


_FT.  BELOW  DATUM 


Measured  with: 


WATER  DEPTH. 


FT.  BELOW  DATUM 


Measured  with: 


WATER  CONDITION  BEFO 
Appearance:. 
Odor:  LJi'j 

Other  Comments 


WELL  EVACUATION: 

Method:. 
Volume 
Observations: 


)N:  .  , 

: 

:  Removed:  U- 


Water  ffenghtlv)-  very)  cloudy 

Water  level  (rose  -_fell  -^ntfehang^)  _  ( 

Water  odors:. 

Other  comments: _ 
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Ground  Water  Sampling  Record 


\X^ 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:  _ 

[  <K£ump,  typt-Mji^Izdhc 

r  i  r\x.\ _ j _ •** 


[  ]  Other,  describe:. 


‘&L 


H 

EM-  Ml 


Sample  obtained  is  [wJ^GRAB  [  ]  COMPOSITE  SAMPLE 


ONSITE  MEASUREMENTS: 

Temp:  75  .  £> 
pH: _ 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: 


Ferrous  Iron: 
Other: _ 


Measured  with:_  j$l  55  D.O.  /ndgA 

Measured  with: _ _ _ 

Measured  with; _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ _ 

Measured  with: _ 


SAMPLE  CONTAINERS  (material,  number,  size):_ 


(material,  number,  size; 


[4^ 


ONSITE  SAMPLE  TREATMENT: 

[  ] 


hT 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  fknM 

h%>4 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

[Tl^^Container  Sides  Labeled 
[  ]  {Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 


10  [  ] 


OTHER  COMMENTS: 
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Ground  Water  Sampling  Record 


SAMPLING! 
SAMPLING  1 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ C 

REASON  FOR  SAMPLING:  [Vj  Regular  Sampling;  [  ]  Special  Sampling; 
DATE  AND  TIME  OF  SAMPLING:  125 /fa  ,19  a.r 

SAMPLE  COLLECTED  BY:  7>-  l^nWbjBPJb  of 

WEATHER: _ to/lA./  JZl$aL_  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

vLr  3  h\  f\r. 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^ ^  [^UNLOCKED 

WELL  NUMBER  (IS  -  I^N03^-APPARENT  , 

STEEL  CASING  CONDITION  IS  \_QD&L _ 

INNER PVC  CASING  CONDITION  1^  ~^>  rb >h',  no. 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

_ 4t-?k/iQ 


Check-off 

1  c^r" 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  h. 

Items  Cleaned  (Lisfk  /O&fl  /MZIPslA 


PRODUCT  DEPTH _ 

Measured  with: 


L  BELOW  DATUM 


5l% 


4[*T" 


t/lffa 


WATER  DEPTH _ 

Measured  with: _ 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  hpA&gL  <  «/»  tUbi  2cLL _ 

Odor: — L2C&  k  l  ~ 

Other  Comments:  ^ _ 

WELL  EVACUATION: 

Method:  d£4)SSuPjir  _ 

Volume  Removed:  D  _ 

Observations:  Water  (gfightTyfr-  very)  cloudy 

Water  level  (rose  -  fell  -  tftTchang^) 

Water  odors:  /7Uh^J> _ 

Other  comments:  LiJLL&I&M 


FT.  BELOW  DATUM 
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Ground  Water  Sampling  Record 


5  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:  _ 

[  ^j-'Pump,  type: 

[  ]  Other,  describe: _ 


Sample  obtained  is  M"&RAB  [  ]  COMPOSITE  SAMPLE 


6  [vT^  ONSITE  MEASUREMENTS: 

Temp:  £3jT  ° 
PH: _ 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: 


Ferrous  Iron:  < 
Other: _ 


Measured  with:  V5Z 

Measured  with:  _ 

Measured  with:  _ 

Measured  with:_ _ 

Measured  with:  _ 

Measured  with:  _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7[‘ r"" 


8  [^r 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

vT 

Preservatives  added:  bi-a  POa 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [  CONTAINER  HANDLING: 

pr””"  Container  Sides  Labeled 
[  ]  ^Container  Lids  Taped 
[  *pContainers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  J 
SAMPLING  DATE(S)_1Z2 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  QJLLzI 

REASON  FOR  SAMPLING:  [/)  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  1 9 _ a.m./^ 


DATE  AND  TIME  OF  SAMPLING:  ifeS/fy,  1 9 _ 

SAMPLE  COLLECTED  BY:  2>  1 1  of  _ 

WEATHER:  -5  pn^f,  /vTvaW 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 

-TDCL 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  _  prf  UNLOCKED 

WELL  NUMBER  (IS  -(^SNOTT  APPARENT  . 

STEEL  CASING  CONDITION  IS:  Q£&L  / _ 

INNER  PVC  CASING  CONDITION  isf 

WATER  DEPTH  MEASUREMENT  DATU&1  (IS  -  K^NOT))  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

ill  fiyc.  _ 


Check-off 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  /Jp/flyO 
Items  Cleaned  fListl:  /fw2/stA 


2[^ 


PRODUCT  DEPTH _ 

Measured  with:_ 

WATER  DEPTH _ 

Measured  with: 


1  ~U1 


BELOW  DATUM 


BELOW  DATUM 


3  [I K 


4  [*r" 


ij^l% 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  i/14D(..  tyh.cdu. — 

Odor:  QtiZhb IZ  _ 

Other  Comments:  / _ (J_ _ _ 

WELL  EVACUATION:  ,  . 

Method:  pM^UtUhc  'pdfiph _ 

Volume  Removed: 

Observations:  Water  (gtigEtE>  -  very)  cloudy 

Water  IeveT(rose  -  fell  -<tIo~c hanged 
Water  odors:  U  Jc  A 

Other  comments: _ _ _ 


L  A 
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Ground  Water  Sampling  Record 


nY 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:. 
[  J^Pump,  type: 

[  ]  Other,  descrine:. 


Sample  obtained  is  gfl  GRAB  [  ]  COMPOSITE  SAMPLE 


6  [Y  ONSITE  MEASUREMENTS: 

Temp:  8 

PH: _ 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other _ 


Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with: 


foJ  55.  MlJTa 


nr' 


8['T' 


SAMPLE  CONTAD^RS|^terial,  number^jze): _ _ 

•-*»*«/»** 


ONSITE  SAMPLE  TREATMENT: 

[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  jioQOq 

Method  T 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

nr' 


10  [  ] 


CONTAINER  HANDLING: 


Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  vT'  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  j 
SAMPLING  DATE(S)_1£ 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


£<T' 


REASON  FOR  SAMPLING:  Regular  Sampling;  [  ]  Spec 

DATE  AND  TIME  OF  SAMPLING:  1/9 £EU  1 9 

SAMPLE  COLLECTED  BY:  D,  of _ 

WEATHER: _ 7S°K  ho^  J 

DATUM  FOR  WATER  DEPTH MEASUREMENT  (Describe):. 


ii^a 


pling;  [  ]  Special  Sampling; 

_ ,  19 _ a.m^m^ 

rpM  of  S  DA _ 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  _  [X  UNLOCKED 

WELL  NUMBER  (IS  ^ OT^) AP PARENT  ' 

STEEL  CASING  CONDITION  IS:  AJA  _ 

INNER  PVC  CASING  CONDITION  IS:  _ 

WATER  DEPTH  MEASUREMENT  DATlft/I  US  ClS  NOTLAPPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Checkoff 

i  [<r 


EQUIPMENT  CLEANED  BEFORE  USE.  WITH 
Items  Cleaned  fLisfl:  ^tljd 


PRODUCT  DEPTH _ 

Measured  with:. 


f.  BELOW  DATUM 


3H^ 


1^1% 

4 


ill  EVACUATION  (Describe): 


WATER  DEPTH _ 

Measured  with: _ 

WATER  CONDITION  BEFORE V 
Appearance:  PL 

Odor:  Urf&tc  ~ 

Other  Comments: 


WELL  EVACUATION: 

Method:.. . ^£d!±ML  _ 

V o lume  Removed:  3 

Observations:  Water  <glTghtiy>-  very)  cloudy 

Water  level  (rose  -  fell  -  ncy^SangS 

Water  odors:  L  r/0ifr  - 

Other  comments: _ 1 _ 


_FT.  BELOW  DATUM 
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Ground  Water  Sampling  Record 


5[^ 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[\^] 5ump,  type:_^ 


[  ]  Other,  describe:. 


v(^ 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 
ONSITE  MEASUREMENTS: 


Sul  dfifa 


lljf 


8  [«K 


10  [  ] 


Temp:  J&2  •  £ 

Measured  with:. 

pH: 

Measured  with:. 

Conductivity: 

Measured  with:. 

Dissolved  Oxygen: 

Measured  with:. 

Redox  Potential: 

Measured  with:. 

Salinity: 

Measured  with:. 

Nitrate: 

Measured  with:. 

Sulfate: 

Measured  with:. 

Ferrous  Iron: 

Measured  with:. 

Other 

SAMPLE  CONTAINERS  (material,  pumber,  size):. 


U,  pumbi 

J&k 


5f)  Wp  HI  HjXgi 


ONSITE  SAMPLE  TREATMENT: 

[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  -a  fW 

fe°4 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ^ Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FTA 
SAMPLING  DATEfS')  1/22/96  ■  U22IM 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  ^P~|P 


REASON  FOR  SAMPLING:  [fa 
DATE  AND  TIME  OF  SAMPLING: 

SAMPLE  COLLECTED  BY: D ■ 

WEATHER:  Sofia 


Regul; 


lO^T  ,  h  O/Y) 


Sampling;  [  ]  Special  Sampling; 

19 _ a.m 

of 


(number) 


p 


Hr 


m 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 

_ 32C _ Ml  ~  ^Ob-.nrt 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^ 

WELL  NUMBER  (g|JlS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  4C&!  . 

7  oocci 


[g^ILOCKED 


INNER  PVC  CASING  CONDITION  IS:  /  90CC 
WATER  DEPTH  MEASUREMENT  DATUM(IS  <15  NOl>  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off  i 

1  [  EQUIPMENT  CLEANED  B  EFORE  USE  WITH  /f>o/A?  0 

Items  Cleaned  fLisfl:  &£$  /frl/MAA 


2  [  ]  PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with:  _ 


WATER  DEPTH  ____ 
Measured  with:. 


JFT.  BELOW  DATUM 


3M ^ 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Hkndu, _ 


Appearance:. 
Odor:  SrttYU L 


Other  Comments: 


WELL  EVACUATION: 

Method: _ f^udllWL 

Volume  Removed: _ L 

Observations:  Water  (gfjghtl})-  (rery)  cloudy 

Water  leveUrose  -  fell  -  n<^chaag^) 

Water  odors:  _ 

Other  comments: _ _ 


V  ■ 
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Ground  Water  Sampling  Record 


siV' 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[vJ-'Pump,  type: 

[  ]  Other,  describe: _ 


6M'"’ 

See  £t>|Y 


Sample  obtained  is  [jt\  GRAB  [  ]  COMPOSITE  SAMPLE 
ONSITE  MEASUREMENTS: 


Temp:  °  C. 

Measured  with:. 

pH: 

Measured  with: 

Conductivity: 

Measured  with: 

Dissolved  Oxygen: 

Measured  with: 

Redox  Potential: 

Measured  with: 

Salinity: 

Measured  with: 

Nitrate: 

Measured  with: 

Sulfate: 

Measured  with: 

Ferrous  Iron: 

Measured  with: 

Other: 

M. . sy  hJL. 


8[v^ 


SAMPLE  CONTAINERS  (material,  number,  size):. 


ZuQSii , 


ONSITE  SAMPLE  TREATMENT: 


[  ] 


I'K' 


Filtration: 


Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

id:  rfijOq 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method  __ 

Containers: 

9M^ 


CONTAINER  HANDLING: 


[  ^  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  of'' Containers  Placed  in  Ice  Chest 


10  [  ] 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATEIS-)  1/22/96-  1/77/Q6 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  MP- IS _ 

(number) 

REASON  FOR  SAMPLING:  P<J  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  // 6  .  19 _ a.mVgnD 

SAMPLE  COLLECTED  BY:  D  frlvrf)LlJA  of  £  PA _ 

WEATHER:  DOn  n  V ;  ^/YV  ,  Xj  In  >cl  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ T  PC, _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  (-/UNLOCKED 

WELL  NUMBER  rffX  IS  NOT)  APPARENT. 

STEEL  CASING  CONDITION  IS:  ?/>#/  , _ 

INNER  PVC  CASING  CONDITION  T.<:  Q/X& 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -dgNOt)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

_ ']?.  "PI/C  _ 


Check-off 


I  [  EQUIPMENT  CLEANED  BEFORE  USE  WITH  J3Q /hz£> 

Items  Cleaned  (List):  {LIU 


2[vK 


PRODUCT  DEPTH . 


_FT.  BELOW  DATUM 


>1^1% 


Measured  with: 


WATER  DEPTH 


Brae 


FT.  BELOW  DATUM 


Measured  with: 


i Jisfa 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ CL  -  tiC/Tid _ 

Odor:  /ft  (Alt  0 


Other  Comments: 


4[wK 


1)25^ 


WELL  EVACUATION: 

Method: 
Volume 


)N: 

:  Removed:  /J 


Observations:  Water  fatfghtlfr  -  very)  cloudy  _ 

Water  level  (rose  -  fell  -  ^pchang^) 
Water  odors:  _ 


Other  comments:  5L 
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Ground  Water  Sampling  Record 


5  [  of  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  vJ'-'Pump,  type:_^c2fe^ii(_ 
[  ]  Other,  describe: _ 


Sample  obtained  is  Q(j  GRAB  [  ]  COMPOSITE  SAMPLE 


6  [vK  ONSITE  MEASUREMENTS: 

Temp:  2jf[ 

pH: _ 


E PA 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 


Ferrous  Iron: 
Other: _ 


t 


Measured  with:_  Vsr  b.O.  Mjfo I 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7  [Jf^  SAMPLE  CONTAINERS  (material,  number,  size): _ 

A 

8  [  of*'  ONSITE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method _ 

Method _ 

Method _ 

T  Preservatives  added:  Vl7S0^ 

Hj®I| 

Method _ 

Method _ 

Method _ 

Method _ 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


CONTAINER  HANDLING: 


['^^Container  Sides  Labeled 
[  ]  .Container  Lids  Taped 
■j  Containers  Placed  in  Ice  Chest 


[ 


10  [  ] 


OTHER  COMMENTS:. 


Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT  A 
SAMPLING  PATHS')  1/22/96  -  1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ MP~2— 


(number) 

REASON  FOR  SAMPLING:  [)(]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  if  lb  W(s  .  1 9 _ 

SAMPLE  COLLECTED  BY:  ~D.  11  of  <?iPA _ 

WEATHER:  70^,  Lo/ruri  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_  TOO _ 


MONITORING  WELL  CONDITION: 

[]  LOCKED: 

WELL  NUMBER^? -IS  NOT)  APPARENT  , 
STEEL  CASING  CONDITION  IS:  QO?P 


(^UNLOCKED 


INNER  PVC  CASING  CONDITION  IS 


■v  goaf 

»lTUM  (IS 


WATER  DEPTH  MEASUREMENT  DATUM  (IS  -<fS  NOT?  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  1  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

'll f¥Q  _ 


Checkoff 

1 


nY 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  iJQ  / hi  O 

Items  Cleaned  IListl:  &££. 


PRODUCT  DEPTH 

FT.  BELOW  DATUM 

Measured  with: 

WATER  DEPTH  8.  31  1  B  _ 

FT.  BELOW  DATUM 

Measured  with: 

nY 

i 

*lY 

ilujto 


WATER  CONDITION  BEFORE  WELL 
Appearance: 


Odor:  jjJ&it  \A&L& 
Other  Comments:  ® 


VACUATION  (Describe): 


ifcysz 


WELL  EVACUATION: 

Method: _ 


Volume  Re: 
Observations: 


moved:  J.  Oi 


vdln 


Water  CgfighBy  -  very)  cloudy 
Water  level  (.rose  -  fell  -  (loch  angel 
Water  odors:  UrtfjJc  -  /THr'd 
Other  comments: _  ' 
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Ground  Water  Sampling  Record 


5[»K 


8[^ 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:. 


[  J^Pump,  typ 

[  ]  Other,  describe: _ 


>e  m  cUte~ 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 

<L 


ONSITE  MEASUREMENTS: 

Temp:  0A_k_ 

pH: _ 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 


Ferrous  Iron: 
Other: _ 


Measured  with:  )fc>l 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ ■ _ 


SAMPLE  CONTAINERS  (material,  number,  size):. 


■»*  U4il  WV4  j  k 

Ei (c  o  1-2.5?)  /ml 


2-@  _ uJh  s>frf. 


ONSITE  SAMPLE  TREATMENT: 

[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

nM 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

10  [  ] 


CONTAINER  HANDLING: 

Container  Sides  Labeled 

[ 

[ 

OTHER  COMMENTS:. 


[  ]  ^Container  Lids  Taped 
•j  Containers  Placed  in  Ice  Chest 


Page  2  of  2 


Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FTA 
SAMPLING  DATEI'SI  \fZW6-\nWf, 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  Regular  S 

DATE  AND  TIME  OF  SAMPLING: 
SAMPLE  COLLECTED  BY: 

WEATHER:  l&P  kufhirl 


egular  Sampling;  [  J 

■  MS _ ,19 

EhWwEIjl  c 


ling;  [  ]  Special  Sampling 


(number) 


of  EM. 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): 

UK 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBER  ^  IS  NOT)  APPARENT  . 
STEEL  CASING  CONDITION  IS:  , 

3  Tooccl 


[vftJNLOCKED 


INNER  PVC  CASING  CONDITION  ISr  QOfTl  _ 

WATER  DEPTH  MEASUREMENT  DATl/M  (IS  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 


[  ]  MONITO^NG^LL  REQUIRED  REPAIR  (describe):. 


Checkoff 

1  \yf 


2[vf^ 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  . 

Items  Cleaned  (List):  &££_  L/4  ' 


PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER  DEPTH _ 1  A\'  7>TQ<— _ _ _ pT.  BELOW  DATUM 

Measured  with: _ _ _ 


lfa/% 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  bdOit)  n  IPJj^OcIkI  _ 

Odor:  /A  faJL- _ 

Other  Comments: _ 

WELL  EVACUATION: 

Method: _ QLlIZLQ. _ 

Volume  Removed:  _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  ptfcEange^ 

Water  odors:  L'fnk  -  iifk^C^hOr^ 

Other  comments: _ j. 
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Ground  Water  Sampling  Record 


5  [  Y'  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ 

[  ]  Other,  describe: _ 


COMPOSITE  SAMPLE 
Measured  with:  V-6IT 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Other: _ _ _ 


Sample  obtained  is  [$  GRAB  [  ] 


ONSITE  MEASUREMENTS: 

Temp:  7l .  fe 

pH: _ 


Sit  E  PA  W u 


Conductivity: _ 

Dissolved  Oxygen: 
Redox  Potential:  _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 


Ferrous  Iron: 


(L 


n 


8[* 


9[ 


10  [  ] 


SAMPLE  CONTAINERS  (material,  number,  size): 
4  VOA*.  U>)  til 

— — - 71 - - 7 J - k - 


h 


l  /--^6Q  mi  fJMc. 


fhAA  cJI 


ONSITE  SAMPLE  TREATMENT: 

[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  It 3  (®<j 

Method 

Containers: 

Method  .  _ 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

( Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  >f  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATEIS1)  1/22/96  -  1/27/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  MP"4|S _ 

(number) 

REASON  FOR  SAMPLING:  [  ]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  //2/T/Uk  ,  19 _ (Cr5-/p.m. 

SAMPLE  COLLECTED  BY:  D-  M  of  AP/X _ 

WEATHER: _ Ponrul  ,7$^  r  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ _ 

_ 4QL _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ptf  UNLOCKED 

WELL  NUMBER  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  A/ h  i _ 

INNER  PVC  CASING  CONDITION  IS:  pcCi 

WATER  DEPTH  MEASUREMENT  DATlfivI  US  -<I?NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 

_ 72 1  _ _ _ 


2(<" 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  iso/hi.O 
Items  Cleaned  fLisf): 


PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with:, _  _ _ 

WATER  DEPTH _ '  BT(PC_ _ FT.  BELOW  DATUM 

Measured  with: _ _ _ _ _ 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  j/C^Acl  CajDOcI  cV _ 

Odor: _ \uAn)ejjA\Ar.^- _ p/)riU, - 

Other  Comments: _ 
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Ground  Water  Sampling  Record 


5  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  '-Kftimp,  type:  ns t  iitlhc, 
[  ]  Other,  describe: _ 


6[^ 

5ez  £PA  fiife 


Sample  obtained  is  [^]  GRAB  [  ] 

ONSITE  MEASUREMENTS: 

Temp:  2' A  °  _C _ 

PH: _ 

Conductivity: _ 

Dissolved  Oxygen: _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other:  _ _ 


COMPOSITE  SAMPLE 

Measured  with:  Y5 J.  PO-  M&tlA 

Measured  with:  _ 

Measured  with:  _ 

Measured  with:  _ 

Measured  with:  _ 

Measured  with:  _ 

Measured  with:_ _ 

Measured  with: _ 

Measured  with:. _ 


7 


8 


SAMPLE  CONTAINERS  (material,  number,  size): _ 

_ _ 

U  IK  vlL  mtfU 

_ 2:  5 Q/mJ  m&azx  uy  Up&f. _ 

ONSITE  SAMPLE  TREATMENT: 


Filtration: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[Of'  Preservatives  added:  rt?5A] 

Method _ 

Method _ 

Method _ 

Method _ 

9  f-f""  CONTAINER  HANDLING: 

Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ^^Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 


Containers:. 

Containers:, 

Containers:. 

Containers:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cane  Canaveral  FT A 
SAMPLING  DATE(S)  1/22/96  -  1  m/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  MP-4ID _ 

(number) 

REASON  FOR  SAMPLING:  $  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  19 _ _api/p.m. 

SAMPLE  COLLECTED  BY:  D-  of  P  PA 

WEATHER:  5oOi^/;  UT*C-  _____  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 

_ TOC- _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  Qtf  UNLOCKED 

WELL  NUMBER  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  ~ _ 

INNER  PVC  CASING  CONDITION  IS:  rhjhina-  _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  fIS  -  {R&Ofa  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 


EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  ILisf):  /)rv>Tt/LA 


2[  ] 


PRODUCT  DEPTH _ 

Measured  with:. 


JT.  BELOW  DATUM 


WATER  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  Id/OlDA  J  (H  Ocic  i  ij  -  0  lOudO _ 

Odor:  ~/Mtf  [  _  \ 

Other  Comments: _ 


4[^ 


I  \is\%. 


WELL  EVACUATION: 

Method: _ 


i5 f  plLkH  fl 

Volume  Removed: 


Observations: 


Water  (pjKtfe-  very)  cloudy 
Water  level  (rose  -  fell  -  itETchanqfr) 
Water  odors l 

Other  comments: _ 


Ground  Water  Sampling  Record 


5[-K 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

Ot' Pump,  type: MiAO felh  < 
[  ]  Other,  describe: _ 


Sul  m 


Sample  obtained  is  GRAB  [  ]  COMPOSITE  SAMPLE 

d 


ONSITE  MEASUREMENTS: 

Temp:  J?3  / 
pH: _ 


9[^ 


10  [  ] 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 


Ferrous  Iron: 
Other: _ 


Measured  with: 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


7[/  SAMPLE  CONTAINERS  (material,  number,  size): 


_  v _ , _ mber,  size):_ 

A  l Dc& 


>-|2<W  ~M3bx  M  l-^bAnl  p&A]fc£~ 

i-fjD  /wX  _ _  _ 


ONSITE  SAMPLE  TREATMENT: 

[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[uf^Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  .^Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FT A 
SAMPLING  DATEfSI  1/22/96  -  1AT7/Q6 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  /HP^^T _ 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  \hiz_nk  ,  19 _ ^gi/p.m. 

SAMPLE  COLLECTED  BY:  T).  tavn  f)bic!  of  90 A 

WEATHER: _ -ftT  .  . 

DATUM  FOR  WATER.  DEPTH  MEASUREMENT  (Describe): _ _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  pd  UNLOCKED 

WELL  NUMBER  (e)  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  _ 

INNER  PVC  CASING  CONDITION  IS: _ _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (gj-  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  Wl^X^QUIRED  REPAIR  (describe): _ 


Check-off 

1  EQUIPMENT  CLEANED  BEFORE  USE  WTTH  /  f) 

Items  Cleaned  fListi:  Cdtd  ' 


2[^ 


PRODUCT  DEPTH. 


_FT.  BELOW  DATUM 


1)2-7  jty 


Measured  with: 


WATER 


depth  7,  Zol  £?TSc_ 


JFT.  BELOW  DATUM 


Measured  with: 


>\i*h 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  dLfjJs) _ 

Odor: _ _ 


Other  Comments: 


4[^ 


\}isfc 


WELL  EVACUATION: 

Method: 
Volume 


\  Removed: 


Observations:  Water  ^Ti^htly  -  very)  cloudy 

Water  level  (rose  -  fell  -  g5~changS> 
Water  odors:  s? WKJL _ 


Other  comments:. 


Page  1  of  2 


Ground  Water  Sampling  Record 


5  [vf""  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  vKlhimp,  type:_po,<,fo^hc_ 
[  ]  Other,  describe: _ 


Sample  obtained  is  ft]  GRAB  [  ]  COMPOSITE  SAMPLE 


5 u.  tPA  Mk 


ONSITE  MEASUREMENTS: 

Temp:  _22jJ _ 0  _£ 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen: _ _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with:  ZV).  fAjXtA 

Measured  with: _ 

Measured  with:_ _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 

Measured  with: _ 


?  vf 


8[<" 


SAMPLE  CONTAINERS  (material,  number,  size): _ 

_ A  uy  _ 

H -?S64  ,  ~L25. Q/tidL 

2L32  InH  jimx-L  t  J/ 


L 


ONSITE  SAMPLE  TREATMENT: 


Filtration: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[vK  Preservatives  added: 


Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [  ^  CONTAINER  HANDLING: 

[  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 

1 0  [  ]  OTHER  COMMENTS: _ 
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Ground  Water  Sampling  Record 


SAMPLING  LOCATION  Cape  Canaveral  FTA 
SAMPLING  DATEfSI  1/22/96-1/37/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL . 


*P-k 


RE  ASON  FOR  SAMPLING:  Q(]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  lIZ5_BL  1 9 _ 

SAMPLE  COLLECTED  BY:  IX  of  fPA 


(number) 


a.. 


m./yfip 


WEATHER:  75^ 

j 

DATUM  FOR  WATER  DEPTH  MEASURE!' 


MEASUREMENT  (Describe):. 


MONITORING  WELL  CONDITION: 

[\'  LOCKED: 

WELL  NUMBER  (fsT)  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS 


^(f  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS? 

WATER  DEPTH  MEASUREMENT  DATUM  CIS  -CIS  NOTflAPPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 

_ tel  pvc  _ _ 


Check-off 

i[^ 


EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  fLisri:  /MjfclA 


PRODUCT  DEPTH 


_FT.  BELOW  DATUM 


[\th\% 


Measured  with: 


WATER  DEPTH . 


5.  *2'  3 TOC 


JFT.  BELOW  DATUM 


Measured  with: 


4M^ 


WATER  CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  1^)00  n  J  CWQ&\L  . _ 

Odor.U&Jl _ LuStrt)  /  5lL£L/4 _ 

Other  Comments:  _ 1 _ 

WELL  EVACUATION: 


Method: _ j WkXfciOfif.  ^U4pfL 

Volume  Removed:  ^ 


Volume  Removed:, 
Observations:  Water 


mm 


-  very)  cloudy 

Water  level  (rose  -  fell  -goThan^) 

Water  odors:  /Yk/YiJL _ 

Other  comments: _ 


Page  1  of  2 


Ground  Water  Sampling  Record 


5  [  0^  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  -K?ump,  type:_p^3 
[  ]  Other,  describe: _ 


Sample  obtained  is  (^}  GRAB  [  ]  COMPOSITE  SAMPLE 


6  [  Y'  ONSITE  MEASUREMENTS: 

Temp:  J?3-0 
pH: _ 


522 


Conductivity: _ 

Dissolved  Oxygen: 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 


Ferrous  Iron:  _ 
Other: _ 


JL 


Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 
Measured  with:. 


7[^ 


8[-r" 


SAMPLE  CONTAINERS  (material,  number,  size)'. 

_ iumjh  PkA 


- - 1  \JMx  &A _ _ 

/-/  2 S*xjl  ‘  l~2C^  ^ 


y  hi  kg 


ONSITE  SAMPLE  TREATMENT: 

[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added:  W^PDci 

/4-W 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [Y'  CONTAINER  HANDLING: 

[  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 
[  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  •  CCFTA-2(FT-17J  by  MS/MV/SH/DK _ 

Well  Number _ 7~Tfi  -  '3— _ Measurement  Datum _ 


JDate  _l 


\j2Sj% 


Pre-Development  Information 

Water  Level: _  8. 23' 


Time  (Start): _ //V  Q 


1STOC 


Total  Depth  of  Well:. 


Water  Characteristics 
Color _ 


1 ±L 


Odor:  None0  Weak 

Any  Films  or  Immiscible  Material  _ 

pH  L ,  _ Jemperature(°F 

-ii 


^vClear)  Cloudy 
<g^a£iatP  Strong 


Specific  Conductance(pS/cm)_ 

J>.D.  -  0  57 


25J5L 


Interim  Water  Characteristics 

Gallons  Removed _ 

pH 


PL 


izv L 


Temperature  (  °F 


C 


Specific  Conductance(pS/cm)__  1*500  > 

Post-Development  Information  Time  (Finish):. 


.1.4,':  1.5 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


Comments: 


l:\forms\devdop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(FT-17>  by  MS/MV/SH/DK _ 

Well  Number  TTh  -3  _ Measurement  Datum _ 


J)ate 


J J2l4$ 


Pre-Development  Information 

Water  Level:..  4siv 


Time  fStarO:  OG 


%TOC 


Total  Depth  of  Well: 


Water  Characteristics 


Color_ 


Odor;  None  ^WealT) 

Any  Films  or  Immiscible  Material  _ _ 

pH  L>  i  _ Temperature^°F(*S)  ■  ^2*  2 

Specific  Conductancef uS/cm)  2*1  fO 

D-o.-  o.t)^ 


J^jeap)  Cloudy  / 

Moderate  Strong  /t 


u 


Interim  Water  Characteristics 
Gallons  Removed _ 

dh  4.97 


25 


Temperature  (  _ J?A  $°C 


Specific  Conductance(pS/cm)_ 

t>-0.  ~  o.ffi 

Post-Development  Information 


J2DC>  A4^/r 


Time  fFinishT  7; 


Water  Level: 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


A. 


Color. 


Odor:  NoTRT 


TC 


Weak) 


^jear)  Cloudy 
Moderate  Strom 


Any  Films  or  Immiscible  Material 

pH _ UJ!&_ _ 

Specific  Conductance(pS/cm) _ 


TemperatureCF  °C)  Ql'in  ^CZ 

J2£2*l 


k ^rc&slonr'  [sol A>r 


Comments: 


I  :\forms\develop.doc 


fijWrC: 

MONITORING  POINT  DEVEtOPMENTRECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/PK _ Pate 

Well  Number  -  £jf _  Measurement  Datum _ 


Pre-Development  Information 

Water  Level:  6,1^1 _ ^ >TQC ^ 


Time  (StartL  A3'^/Q 

Total  Depth  of  Well:. 


Water  Characteristics 
Color_ 


^lear)  Cloudy 
Moderate  Strong 


Odor:  f^None^)  Weak 

Any  Films  or  Immiscible  Material  _  " _ 

pH  7,  55* _ Temperaturef°F(°S^ 

Specific  ConductancefpS/cm^  AjA  6? 

72o.~  3*80^11 


Interim  Water  Characteristics 
Gallons  Removed _ 

M 


JUL  aaMyhJ\ 


pH. 


Temperature  ( °F  6 


Specific  Conductance(pS/cm)_ 


7*0.  ~  3-20 

Post-Development  Information 


Time  (Finish):. 


Bl  IQ 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


Comments: 


l:\forms\devdop.doc 


MONITORING  POINT-DEVEfcOPMENT  RECORD 


Job  Number:  ?224$Q,29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral-  CCFTA-2(FT- 1 1}  by  MS/MV/SH/DK _ 

Well  Number  TlLK~J2  _ Measurement  Datum _ 


_Pate 


lz$J% 


Pre-Development  Information 

Water  Level:,  4  62' 


Time  (Start):, 


Mi  Hi 


BTOC 


Total  Depth  ofWell: 


Water  Characteristics 


Color 


Odor:  None  (Weak^i 

Any  Films  or  Immiscible  Material 
pH _ 6  *  _ Temperature(°F 


(C\ear)  Cloudy 
Moderate  Strong 


pn _ vo  i  _ i  emperaiure^r  ycj) 

Specific  ConductanceCuS/cmJ  /B2£>  /UaJ/U/y^ 

Do.  ^ 


Interim  Water  Characteristics 

Gallons  Removed _ 

nH  £>  -  *70 


£>5  4£<lb«y\ 


Temperature  (  °F 


22iQ!L 


Specific  Conductance(pS/cm)_ 

D •  o .  ^  O'  ^ ji_ 


1600  *sJt 


Eost-Development  Information 
Water  Level: _ 


Time  (Finish): _  l±  50 


Total  Depth  of  Well:, 


Approximate  Volume  Removed: 
Water  Characteristics 


3 


Color _ — 

Odor:  None  tiVqflfc) 

Any  Films  or  Immiscible  Material 

lmlo 


45iear)  Cloudy  ,  i 

Moderate  Strong 


pH _ k  >  Cl^_ _ Ternperature(°E°CJ  -7/. 

Specific Conductance(pS/cm) _ / 7 J.t)  ^Ct/sj — > _ 

P.O  ~>o.  5*/  syq I i_ 


Comments: 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(TT-171  by  MS/MV/SH/DK _ 

Well  Number _ 'PT A  '  L? _ Measurement  Datum _ 


Date  / 


Pre-Deveiopment  Information 

Has" 


Time  (Start):. 


H:?i9 


Water  Level:. 


Total  Depth  of  Well:. 


Water  Characteristics 


Color 


Cloudy  .  L.  I  fll 

eal CT  Moderate  Strong  yUjCW  j 


Odor:  (&4one 

Any  Films  or  Immiscible  _ _ 

pH  _ Temperature(°F  ffij)  2.  °C._ 


0 


Specific  Conductance(pS/cm) _ 

"Po.  ~ 

Interim  Water  Characteristics 

Gallons  Removed _  -  3  _ 

ph _ ^.53 _ 

^Sr-7T-  ^,3  jC. 


42i£ 


Temperature  (  °F  f CV 


Specific  Conductance(pS/cm) 

D-O>~0.lo 

Post-Development  Information 


/y57)  /t^/^ 


Time  (Finish):. 


H-4Q 


Water  Level:. 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


iT- 


4 _ 


r  PL  Ldlhi^l 

:  None  r 


Color 
Odor:  ’None 


^iear)^Cloud\ 

Moderate  Strong"  3 


Comments: 


_  _  Weak  cIVToderate _ Strong^  UajZ&O 

Any  Films  or  Jmmiscible  Material  ^ 

pH  L> .  5S _ TemperatureL°F  Q  3  .  I  °CL 

Specific  Conductance(pS/cm) _ II 10  AAjyCi^-J _ 

Vb-~  OAb^lu 


l:\forms\dcvelop.doc 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450,29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape£anaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/DK 


Well  Number_  rm-  n  < 


-Pate 


.Measurement  Datum. 


Pre-Development  Information 

Water  Level: _ \ 


Time  (Start): _ ID-  DO 


btcc 


Total  Depth  ofWell:  35 


Water  Characteristics 


Color. 

Odor: 


Hear)  Cloudy 


Weak 


Moderate 


Any  Films  or  Immiscible  Material  _  _ 

pH  *7  iO _ Temperature(°F^(5))  ~~~  21-  C 

Specific  ConductancefuS/cm) 


Strong 


Soeciric  Conductance(^S/ci 


Interim  Water  Characteristics 
Gallons  Removed _ 

pH  7,0 % 


mjM/. 


214- 


Temperature  (  °F£C))—  2L  TL 


Specific  Conductance(pS/cm) _ (g AaA  J 

D.O.~  0.40  I u  ' 

Post-Development  Information  Time  (Finish):. 


idido 


Any  Films  or  Immiscible  Material  _ 

pH _ b>  >1! _ Temperaturef°F  2\-  *3 

Specific  Conductance(^S/cm) _ ^3^  — * _ 

4>.0.~  O.40^Jl 

Comments: 


l:\forms\dcvdop  doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-17J  by  MS/MV/SH/DK _ 

Well  Number  -f~T A-  "/P) _ Measurement  Datum _ 


JDate  _L 


l/2sM 


Pre-Development  Information 

Water  Level:  1A ^  BTOC 


Time  (Start):. 


JOlQQ- 


Total  Depth  of  Well:. 


iMAS1 


Water  Characteristics 
Color _ 


Odor:  None 


(Weak 


Cloudy 


.  Mode' 


Any  Films  or  Immiscible  Material  ~~~ _ 

pH  7-  49) _ TemperatureHF^S)  £2,  I 

Specific  ConductancefpS/cm)  JPl/C)  sCiAfCvY^s  _ 

£).0  .  ~0<2\  "S/l 


Strong  ‘Zuijtis'i 


Interim  Water  Characteristics 
Gallons  Removed _ 

pH _ 2  3$. _ 


Temperature  ( °F  23.0°C- 


Specific  Conductance(pS/cm~)  2£[]Q_ 

~P.o.  ~  &  ££  yL 

Post-Development  Information 


Time  (Finish):. 


/0:40 


Water  Level:. 


Approximate  Volume  Removed: 
Water  Characteristics 

Co  lor _ 


ib 


Total  Depth  of  Well:. 

2k$ _ 


Cloudy 


-Moderate^ 


Odor:  None 

Any  Films  or  Immiscible  Material  _ ' 

pH  *1,51 _ Temperature(°F(^C))_ 


Strong 


JA,  c?c 


Specific  Conductance(pS/cm)_ 


alia 


Comments: 


l:\forms\devclop.doc 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(TT-I7t  by  MS/MVASH/DK _ 

Well  Number _ _ Measurement  Datum _ 


Pre-Development  Information  Time  (Start): _ *1'.  i  ^ _ 

Water  Level: _ L  Jl _ B~0C _  Total  Depth  of  Well:  J6~-  3  1 

Water  Characteristics 


Color  *  _ _ <c5fea[)  Cloudy 

Odor:  <rNone  Wealp  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 21 _ 

pH  (/) ,  % _ Temperature(°F  °C) _ /*?,  "7*V_ 

Specific  Conductance(pS/cm) _ 'S/C) 

X).0^ 

Interim  Water  Characteristics 
Gallons  Removed _ 

pH _ *7  /  (/ 


Temperature  (  °F  ^C))_  _ 

Specific  Conductance()iS/cm)__  _ £50.  'Cr*s 

D.6.  ^  0.2S ‘^II- 

Post-Development  Information  Time  (Finish):  QQ 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


Color _ 

Odor:  None  CffiealT 

Any  Filing  or  Immiscible  Material 
pH 


ms  or  Imr 

Lm 


Ccirnr) 


Cloudy 


Moderate 


Strong  Si 


Comments: 


Specific  Conductance(pS/cm) 

'b  o.  -  0-2<\  ^q|L 

Lubn-  %  mV 


Temperaturef°F  °0  .  £ 

- S£&£2 


l:\forms\dcvclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2rFT-  m  by  MS/MV/SH/DK _ Pate . 

Well  Number  FTA  —fR'O _ Measurement  Datum _ 


Pre-Development  Information 

Water  Lcvel:_  7.  S3 


Time  (Start):. 


730 


M 'CL 


Water  Characteristics 
Color _ 


Odor:  ^flonej)  Weak 

Any  Films  or  Immiscible  Material 
pH  r7.  13 _ Temperature(°F(; 


Total  Depth  ofWell:  3^> 


rlear)  Cloudy 
loderate  Strong 


Specific  Conductance(pS/cm). 

Interim  Water  Characteristics 

b 


AH 


2Lk5= 


Gallons  Removed _ 

pH _ 7.-579 


Temperature  ( °F(fcl  Q2_  •  7 


Specific  Conductance(pS/cm) _  21UA 

D.O.  "  O.IO 

Post-Development  Information 


Time  (Finish):. 


Water  Level: 


Total  Depth  of  Well:. 


a 


Approximate  Volume  Removed:  _ 

Water  Characteristics 

Color  *  _ ^Clear)  Cloudy 

Odor:  f'None  WealT>  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ _1  _ 

pH _ ~h  5  / _ TemperaturerF  .  ^12  ■  3l  tL 

Specific  Conductance(pS/cm) _ ZJJjsQ-  _ 


*!3/l 

Comments:  ^  / 


l:\forms\dcvclop.doc 


( 


MONITORING  POINT 


Job  Number:  722450,29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(FT~m  by  MS/MV/SH/DK _ 

Well  Number  f  jjLz  _ Measurement  Datum _ 


_Pate 


Pre-Development  Information 

Water  Level: _  _ 8.34'  "5  Toe, 


Time  (Start):_ 


II  oQ 


Total  Depth  of  Well:. 


Water  Characteristics 


Color  H 


d/liAoc^n 


(tTiean)  Cloudy 


Odor:  None  Weak 

Any  Films  or  Immiscible  Material 

pH 6.  5.5" _ Temperature(°F °C),  2/.^gC— 


Specific  Conductance(pS/cm). 

Interim  Water  Characteristics 

Gallons  Removed _  _ 3  jj&Mk 

/,  - 

pH 


J2LQ 


■MA 


Temperature  (  °F| 


ZL5X 


Specific  Conductance(pS/cm)_ 

~0-0-~  0.2b  ^II 

Post-Development  Information 


7/flO 


Time  (Finish):. 


!M£2 


Water  Level: _ .  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 

Color _ p&J  khlk _ Cloudy 

Odor:  None  C/  Weak  Moderate  ^trong)  yudsIXjtbs 

Any  Film^or  Immiscible  Material  _ _  v 

pH - - - - Temperature(°F/^C)  ff-2,  5°C 

Specific  Conductance(pS/cm) _ / 1  OQ  _ 

1 )-o-  ~  O.  2Q  *^)Il 

Comments: 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number.  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2('FT-17’)  by  MS/MV/SH/DK 


Date  / 


Well  Number 


m-iD. 


.Measurement  Datum. 


Pre-Development  Information 

Water  Level:_  a.»><P 


Time  (Start):. 


JlbO 


BTOC- 


Total  Depth  of  Well:_ 


Water  Characteristics 


Color 


Odor:  None  d&eaib 

Any  Films  or  Immiscible  Material  _ _ 

pH  7  3^ _ Temperature(0F^£)  f3  7 

Specific  Conductance(pS/cm)_ 

~Pc>.~  3A5 *jIl 


■gleah  Cloudy  t 

Moderate  Strong 


Mm. 


Interim  Water  Characteristics 
Gallons  Removed _ 

ph  7.4) 


5 


Temperature  ( °F^C^,  _  24.  IK. _ 

Specific  Conductance(|iS/cm)_  2  I 


J^-O s*  D.  T7 

Post-Development  Information 


Time  (Finish):^ 


1L±£ 


Water  Level: 


Approximate  Volume  Removed: 
Water  Characteristics 


f-  16 


Total  Depth  of  Well:_ 


Color _ 

Odor:  None  QYea; 

Any  Films  or  Immiscible  Material 
pH  7e  33 _ Jemperature(°F( 


£kar  Cloudy  .  / 

Moderate  Strong 


Specific  Conductance(pS/cm)_ 

ZP.O.~  6-51 


aa/\1 ( 


¥£  7 


Comments: 


1  :\form  s\de vcl  op  doc 


(  MONITORING  POINT  DnE^EfcOPMENTTRECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation  i  L 

Location  Cape  Canaveral  -  CCFTA-2(FT- 1 71  bv  MS/MV/SH/DK _ Pate  Jj2£jlk- 

Well  Number _ FTA  ~  IQ  _ Measurement  Datum _ 


Pre-Development  Information 

Water  Level: _ jji _ ^ 


Time  fStartk  /^  ■  /  5^ 


Total  Depth  of  Well:  /lct.  15 


Water  Characteristics 


-1  Qjj  (j-l&tli  bj/UhQ  glear)  Cloudy  ,  ./ 

i  Cffiea£>  Moderate  Strong  It ^ 

mmiseihle  Material  ™ 


Color. 

Odor:  None 

Any  Films  or  Immiscible  Material  _ 

pH  (n ,  ^3 _ Temperature(°F  °C)  2\*  £>cC 


r-  - - — - - - 1 - \  -  - - - 

Specific  Conductance(pS/cm) _ /2QC>  s<iJ\lon — J 


Interim  Water  Characteristics 

Gallons  Removed _  JlS 

pH  _ 


Temperature  (  °F  2L  fl°c. 


Specific  Conductance(|iS/cm) _ 12^0 

ao.  ~  o 

Eost-Development  Information  Time  fFinishk  lb  AO 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


Comments: 


Color _ qj  udh^L 

Odor:  None  0  Weak 

Any  Films  or  Immiscible  Material 

pH  h-  ^5  _ 

Specific  Conductance(pS/cm) _ 


£.0.  -  0. 3^7 


_ ^CJeak  Cloudy 

<Jfloderattb 

Temperaturef°Fffi) 

_ 1230  : 


Strong 


21 •  L 
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MONITORING  POINT 


RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-l7J  hv  MS/MV/SH/DK _ 

Well  Number  . m-  n _  _ Measurement  Datum _ 


Pre-Development  Information 


Time  (Start'):  /V  1  f~) 


Water  Level: _ 10-  6^ _ 7!)  l^C- 


Total  Depth  of  Well:  0  7  1 


Water  Characteristics 


Color  J  \Ujtlhu  1 Cloudy 

Odor:  Igonp  *  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ ^ _ 

pH  1-  3G _ Jemperature(°F  ^5)  2  l.2°(L 

Specific  Conductance(jiS/cm) _ 42b  sO&j _ 

Interim  Water  Characteristics 


Gallons  Removed. 
pH  111* _ 


IS 


Temperature  (  °F  (2)) _ %'2-  2  ° C_ _ 

Specific  Conductancef  uS/cm  1  _ 

V.0-~  6 -SO  *g)L 

Post-Development  Information  Time  (Finish'): 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


lAu D_ 


Color  f/  u  .  . _ 

Odor:  None  * 

Any  Films  or  Immiscible  Material 


Heap*  Cloudy 
Moderate 


Strong 


Ivyd/dOfr' ib* 


'lsu£^ 


pH _ IS 


Specific  Conductance(pS/cm)_ 

OS  '"j/u 


_Temperature(°F 
_ 4L0  dsih  JZt&i-zL 


lusSL 


Comments: 


l:\forms\develop.doc 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEF,  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-17~)  by  MS/MV/SH/DK _ 

Well  Number  _ Measurement  Datum _ 


Date  j 


[jlbkk 


Pre-Development  Information 

Water  Level: _ ^  ^2. _ 


Time  (Start):. 


12,130 


Total  Depth  of  Well:. 


Oo.  30' 


Water  Characteristics 


Color _ _ 

Odor:  None 

Any  Films  or  Immiscible  Material  _ 
pH _ _ Temperature(°F  (c 


Cloudy  L  /r 

focTerate  Strong 


Specific  Conductance(pS/cm) 

Do.  ~0bl  II 

Interim  Water  Characteristics 


1 


(J 


^•/°C 


_ 


Gallons  Removed _ 

ph _ L>-b9) 


Temperature  (  °F  fL. 


Specific  Conductance(pS/cm) _  _ LL2& 

^  O'  C?  6 

Eost-Develppment  Information  Time  (Finish'):  £lO 


Water  Level: 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


Color 

Odor: 


^ _  Weak 

Any  FilmsTJFlmmiscible  Material 
pH _ 6  -  ^ _ _ _ Jemperature( 


leap  Cloudy 
^aerate  Strong 


^Specific  Conductance(jiS/cm) 

2>-0.  ^  0.8*)  ' 


°F@l 


JJ2L _ d^3Tc^rr^L 


~22ZEL 


Comments: 


U)G£  U^nlocAtcl  Qflp  < 
CtfnJaJL~tb  -mjl  jiA ! cj\  -fa 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2('FT-17'l  by  MS/MV/SH/DK _ Pate 

Well  Number  (\  -  /  _ Measurement  Datum _ 

Pre-Development  Information  Time  (Start): _ 

Water  Level: _  *7,  90 _ P)TQC-  Total  Depth  of  Well:  l3>^\  \ 


Water  Characteristics 


Color_ 


Odor:  None 

Any  Films  or  Immiscible  Material 
pH  1‘  iX  _ Temperature(°F  °C). 


^lea)  Cloudy  <  //  1 1  Air/) 

Moderate  Strong  JUMOx  j  rUCk*  O 


Specific  Conductance(pS/cm)_ 

D,0 

Interim  Water  Characteristics 


.  _ i3,r.c.. 

CAh _ 


Gallons  Removed, 


PH_ 


JJL 


j2  jdktoA 


Temperature  ( °F^C\) 


Specific  Conductance(pS/cm)_ 

VO-  ~  0-bD  'jj/u 

Post-Development  Information 


Time  (Finish):. 


IL-OO 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


Comments: 


Color _ “ _ ^ka^  Cloudy 

Odor:  None  Nloderate  Strong 

Any  Films  or  Immiscible  Material  _ _ 

pH  7.  <0B _ Temperature(°F - 2hSL 

Specific  Conductance(pS/cm) _ (o/lO  __ 

P.O.-0.5/Hu 
Ud<n~  -^3 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  122 450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-17 )  by  MS/MV/SH/DK 


Well  Number  rTft  -  13D 


_Pate  / 


.Measurement  Datum. 


Pre-Development  Information 

Water  Level:  ,  02 


Time  (Start):. 


■fti  oc 


Total  Depth  of  Well: 


Water  Characteristics 


Color. 


Odor:  None  CWeak^) 

Any  Films  or  Immiscible  Material 
pH 


<^C[ear)  Cloudy 


Moderate 


Specific  ConductancefpS/cm) 

l)-0.  ~3u3*)  WjIl 


Temperature(°F  °C)  j£3. 

\JCi 


]_£70  *JA/Cinr^ 


Stro:  i  Sjju\ 


Interim  Water  Characteristics 
Gallons  Removed _ 

oh  rud. 


Temperature  (  ^4,3  °C  . _ 

Specific  ConductancefuS/cm')  I  A*6lC¥Y^> 

/v  A-n  _  .  / 


Post-Development  Information 

Water  Level: _ 


Time  (FinishT 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


J2 _ 


Color _ 21 _ 

Odor:  None  (ffieak^) 

Any  Films  or  Immiscible  Material 
pH  til 


(Clcar^  Cloudy 
Moderate  Strong 


_Temperature(°R 


Specific  Conductance(pS/cm)_ _ £?6?&b 


Comments: 


VO.-  )}. 

tc-dM"  ~24(s  mV 


5^4 
TT^c 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-l7')  by  MS/MV/SH/DK 
Well  Number 


FTA  '  Ij 


JDate  / 


Measurement  Datum, 


l 


Pre-Development  Information 


Time  fStart):  $  j  OQ 


Water  Level: 


5JA  \  jSToc. 


Total  Depth  of  Well:  \ljV_ 


Water  Characteristics 
Color _ 


Odor:  None 


Weak 


Any  Films  or  Immiscible  Material _ _ _ 

pH  (a «  _ Temperaturef°F  °Q  21*  2dC^ 


Clear J  Cloudy 
/^fo3erat£>  Strong 


Specific  Conductance(pS/cm)_ 

p.O.  ~  0-50  r*j/ L 

Interim  Water  Characteristics 


l2iOQ— 


Gallons  Removed _ 

pH _ £& 


J- 


Temperature  (  °F  °C)_ 


//•  3  °C 


Specific  Conductance(pS/cm)_  llbC) jCtr — 

iX<?.  ~  0,%  "y/L 

Post-Development  Information 


Time  (Finish):. 


&2h 


Water  Levels 


Total  Depth  of  Well:, 


Approximate  Volume  Removed: 
Water  Characteristics 

Color _ ~~ 


A 


Q/tkAhA 


Cloudy  .  / 

(Moderate  ~StroKg> 


Odor:  None  Weak 

Any  Films  or  Immiscible  Material 

PH _ _ Temperature(°F( 

Specific  Conductance(pS/cm). 

~D*0.  O  b*) 


O£0 


L- 


Comments: 
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MONITORING  POINT  DfiVEfcOPMENT  RECORD 


Job  Number:  ?224$Q,29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(FT-I7’)  hv  MS/MV/SH/DK _ 

Well  Number _ f~TA  -  I _ Measurement  Datum _ 


J)ate 


Pre-Development  Information 

Water  Level: _ tP  -  HO 


Time  (Start):. 


.mo 


&TO 


Total  Depth  of  Well:  /b-05  ' 


Water  Characteristics 

Color  A&S  fU^DuPf^ 

Odor: 


onej  Wea 

Any  Filmsor  Immiscible  Material 
pH  _ Temperature(°F 


^leap)  Cloudy 
Moderate  Strong 


Specific  Conductance(pS/cm)_ 


El 


Interim  Water  Characteristics 

Gallons  Removed _ 

pH  (q  PA 


Temperature  (  °Fr 


Jinx, 


Specific  ConductancefuS/cmi  If} QC) 

D.0  ^6-53 


Post-Development  Information 
Water  Level: _ 


Time  (FinishL  Qi  3£) 


Approximate  Volume  Removed: 
Water  Characteristics 


4 


Total  Depth  of  Well:. 


Color _ ^ _ 

Odor:  ^None^  Weak 

Any  Filips  or  Immiscible  Material 
pH 


Urns  or  Imi 

& m 


Specific  Conductance(pS/cm)_ 

L)0.~  o,  jg) 

Comments:  ~  -<Uo 


_ Cloudy 

Moderate  Strong 

_Temperature(°F  °C)  ,4?/.  I  ^C_ 


tfjQO. 


% 
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P<j£6^ 

MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-17J  by  MS/MV/SH/DK _ 

Well  Number  +Tf\  -  /(^"S _ Measurement  Datum _ 


JDate _ A 


Pre-Development  Information 

Water  Level:  5»c)\ 


Time  (Start):_ 


9-oS 


Water  Characteristics 

Color  A&d 

Odorf/^Norve) Wefak 
Any  Films  or  Immiscible  Material 
p H  l o  ,  96? _ T emperature(°F 


Total  Depth  of  Well:_  N-85' 


Cloudy 

Moderate  Strong 


Specific  Conductance(pS/cm) _ C 

"DO.^  2£D  wjji. 

Interim  Water  Characteristics 
Gallons  Removed 

pH  4.  $5- _ 


— n 

AjAjCvir^ _ 


Temperature  ( °F 


c 


Specific  Conductance(pS/cm) _ i^D  70  /UA  j \ ^ 

Vo.  -  6  ft  I 

Time  (Finish):^ 


Post-Development  Information 


7 -v? 


Water  Level: _ 

Approximate  Volume  Removed: 


Total  Depth  of  Well:. 

_ 


Water  Characteristics 

Color  V «  pcJt  Cloudy 

Odor:  ^Jone^  Wrak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ _ 

pH  Cp  /  _ Temperaturef°F  slO  6? 

Specific  Conductance(|iS/cm) _ Ijffi 

RO.-  0,^5 

Comments:  4  / 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  222450x22  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/DK _ 

Well  Number _ IC?P> _ Measurement  Datum _ 


_J)ate 


jfzike 


Pre-Development  Information 

Water  Level:  [ 


Time  (Start):, 


Sms. 


Water  Characteristics 
Color 


Odor:  (£jone)  Weak 

Any  Films  or  Immiscible  Material 
pH _ 7  2^ _ Jemperature(°F  °C) 


Total  Depth  of  Well:  7g,^>.S 


leary  Cloudy 
Moderate  Strong 


Specific  Conductance(|iS/cm) 

'pO.-'  0-2^ 


"JPL  V  "CL 


Interim  Water  Characteristics 

Gallons  Removed _ 

ph _ 2  52- 


-5 1*  $ 


cdjbsi  0o/(7~} 


Temperature  (  °F  *j^)  yy.  o°c. 


Specific  Conductance(pS/cm)_ 

V.Cl  ~  O.LD^JJ^ 

Post-Development  Information 


2.  *2 26 


Time  (Finish):  j0  • 


Water  Level:, 


Approximate  Volume  Removed: 
Water  Characteristics 


Total  Depth  of  Well:, 

j  2  4oM?VV) 


Comments: 


Color _ 2Z_, 

Odor:  None  (^WealT) 

Any  Films  or  Immiscible  Material 

pH _ 7.  4  (a _ 

Specific  Conductance(pS/cm) _ 

p-o.~  0.03  vh- 

Men-  -Jctf 


W  c|oudy  N 

Moderate  Strong  JcaJpOlA 

_Temperature(°F<fC>)  $_2 ,  ^  ‘C- 
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MONITORING  POINT  DEVELOPMENTRECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(FT-I7)  by  MS/MV/SH/DK _ Pate 

r-m-ib 


Well  Number 


Measurement  Datum 


Pre-Development  Information 

Water  Level:__  _ 6-33 .... 


Time  (Start):. 


W2Q 


Total  Depth  of  Well:. 


Water  Characteristics 

Color.  Li/lCt 
Odor: 


Any  Filrm  orjmmiscible  Material  _ ; 

pH  (>  <  / 0 _ Temperature(°F  °C) 

Specific  Conductance(pS/cm) _ 


■  A  ^ 

Clear  Ccioudyy _ 

We£k  Moderate  —  <^trong^> 

2$Z 


D-o.  -a  tf'ylt. 

Interim  Water  Characteristics 
Gallons  Removed _ 

PH _ U 


$ 


S  jJjMtnA 


Temperature  ( °F 


Specific  Conductance^ fiS/cm~)  !2 /0 


Post-Development  Information 
Water  Level: _ 


Time  (Finish):  !2*  It) 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


r _ pL 

■:  None  '  Weal 


Color  _ 

Odor:  N&ne  7  Weak 

Any  Films  or  Immiscible  Material  _  _ 

pH  w  -  &3 _ Temperature(°F  Teh  ,  24*  j_  g(L 

Specific  Conductance(pS/cm) _ ! 2PC>  _ 


j^kaD  Cloudy  . — j  . 

Moderate  ^Strring^) 


Comments: 


2XG-~  0 ,  21p  *jjL 
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MONITORING  POINT  PEVEDOPMENf "RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/DK _ 

Well  Number _ 7r7f\-'  I  _ Measurement  Datum _ 


Pre-Development  Information 


Time  fStarO:  jO •  20 


Water  Level:_  .5-1 0. _ bTOc 


Total  Depth  of  Well:  )4  •  *30 


Water  Characteristics 


Cloudy 


Color_ 

Odor:  None  9  Weak 

Any  Films  or  Immiscible  Material  _ 

pH  L*  *)Q _ Temperature(°F  (*Ci)  2h 

Specific  Conductance(pS/cm)_ 

Z>6.  *  0,41 


Aft$3eral9  Strong 


32$QG0  ^ 


Interim  Water  Characteristics 

Gallons  Removed _ 

pH  C>'$Q 


2  QaIAhJ) 


Temperature  (  °F  ^C^) _ >?/«  _ 

Specific  ConductancefpS/cirO  ^  ,20  iCO()  -^OJoJcw^ 

Post-Development  Information  Time  (Finish): _ 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


Comments: 


Color 

Odor: 


udibLO 

0  rfTZ. 


None  ¥  <fl7eakJ> 
Any  Films  or  Immiscible  Material 

ph  ^.88  _ 

Specific  Conductance(pS/cm) _ 

2)0.-  6AL  *•* 


"Jlu 


_glear^>  Cloudy 
Moderate  Strong 


Temperature^ °F 2L  f 

>  JO'dcf) 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/DK _ 

Well  Number  TtA'  31 _ Measurement  Datum _ 


JDate 


J 


Pre-Development  Information 

Water  Level:_  5,V 


Time  (Start):_ 


10:2  f 


aroc 


Total  Depth  of  Well:. 


5  7-  °lS 


Water  Characteristics 
Color 


Odor:  (^None 


ftdA  tjj s/ltbu} 

3  9  uypobs 


Weafa 


_Cfearj  Cloudy 
Moderate  Strong 


Any  Films  or  Immiscible  Material  _ _ 

pH  7*34 _ Temperaturef°F^6)  22-  L 

Specific  ConductancefpS/cirfi  34  ft/)  AjJ) JCrr ^ _ 


Interim  Water  Characteristics 
Gallons  Removed _ 

pH _ 7'  36> _ 


<3 _ caAL^a 


Temperature  (  °F(ffe) _ 3.2>-LcC 


Specific  Conductance((iS/cm) _ 30^/0 

l>-0.  ^0.3; S 


Post-Development  Information 
Water  Level: _ 


Time  (Finish): 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


v-  QoJa. 


Color  _ 

Odor:  None 

Any  Films  or  Immiscible  Material 
pH  7.  AO _ Temperature(°F 


^Jear^  Cloudy 
Moderate  Stron 


Specific  Conductance(|iS/cm)_ 

4>-Ot  *  OAQ 


1220.  /oyJcrr-' 


8 


21  SC- 


Comments: 
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MONITORING  POINT  DCVELOPMENTTIECORD 


Job  Number:  722450,29  Job  Name:  AFCEF.  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2CFT-17^  by  MS/MVASH/DK _ 

.  i-MD 


Well  Number 


.Measurement  Datum. 


JDate  _]_ 


Pre-Development  Information 


Time  fStartT  If)  j  2  s" 


Water  Level: 


_  Total  Depth  of  Well:  b%0' 


Water  Characteristics 


Color 


Odor:  None 


- _  ^lean)  Cloudy 

Weak  Strong  Sidl*  h \(ff~ 

Any  Films  or  Immiscible  Material  —  _  /  ' 

pH - _ Temperature(°F  (&)_2/L5^= _ 

Specific  Conductance(pS/cm) _ //r  72  ft  a^aIcvt^s 

D-O.  ~  0. 57  mc)//  7  ~~  —  - 


Lnterim  Water  Characteristics 
Gallons  Removed _ 

ph _ Z 4SL _ 


m$U- 


Temperature  (  °F  ro  23. cc 


Specific  Conductance(pS/cm) _ 7 

p.o_  *  O^S-*3Jl  O.Sd^ju 

Post-Development  Information  Time  (Finish):. 


?/'Q(P 


Water  Level: 


Approximate  Volume  Removed: 
Water  Characteristics 


_  Total  Depth  of  Well:_ 

12  qMnA _ 


Color _ 

Odor:  None 


SVeatT 


Clear)  Cloudy 


Moderate? 


_ Strong  5 

Any  Films  or  Immiscible  Material  _ ^ _ 

PH - Z.  31 _ Temperaturef°F fcl  (St 

Specific  Conductance(pS/cm) _ H, 

D,0.  ~0<3;T 


Comments: 
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MONITORING  POINT  DEVELOPMENT RECORD 


$UA & 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(TT~m  by  MS/MV/SH/DK _ 

Well  Number_  7=T  A-ica  _ Measurement  Datum _ 


Date./, 


thsfoc. 


Pre-Development  Information 

Water  Level:  5L3L 


Time  (Start):, 


4'OS 


3IQC. 


Total  Depth  of  Well:  fo-tS 


Water  Characteristics 


Color, 


Odor:  None  Weak 

Any  Films  or  Immiscible  Material 


leaE)  Cloudy _  , 

oderate  ^  Strong)  5^drtttA 


pH  fa  ,  i _ Temperaturer°F  °C)  ,  4 

Specific  ConductancefpS/cm^  IS2Q  Aa£ICvy<J> 


DO-  ^ 

Interim  Water  Characteristics 

Gallons  Removed _  _ 3 


pH_ 


LAL 


Temperature  ( °F^Ci> 


Specific  ConductanceOiS/cm) 

P kO.~0,4D*$Il 

Post-Development  Information 

Water  Level: _ 


15/0  A^djc 


f(W 


Time  (Finish):, 


f.30 


Approximate  Volume  Removed: 
Water  Characteristics 


_  Total  Depth  of  Well:, 


Color — 

Odor:  ^fpn&J) 


dearJ  Cloudy 
Moderate  Strong 


Weak 

Any  Films  or  Immiscible  Material  _ HI _ 

pH  (o  «  8U _  Tem^rature(QF^t^  J2Q,  Q  °C 

Specific  Conductance(pS/cm) _ / 7  /O 


Specinc  Conductance(pi>/cm) 

Z>0.~  0,2,1  ^jL 


Comments: 
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MONITORING  POINT  DEVELOPMENT  RECORD 


( 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/DK _ 

Well  Number _ FT  f\  -  Q(j  7T  _ Measurement  Datum _ 


Pate 


l}2SjSk 


Pre-Development  Information 

Water  Level: _ 1  QC. 


Time  fStartk  ?£) _ 

Total  Depth  of  Well:  A  2  *  2  3 


Water  Characteristics 


Color _ H _ (ISlear)  Cloudy 

Odor:  (^onej  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ ~ _ _ 

pH  7*  /  U> _ Temperaturef°F  20  *  l 

Specific  Conductance(pS/cm) _ (nAlU  AAJ\j/5*yy^ 

X50.  ^  L2*)  i^/l_ 


Interim  Water  Characteristics 

Gallons  Removed _ 

PH_ 


3 


7 ..vs 


Temperature  ( °F  °C)__ 


32.0% 


'  ad<n 


Specific  Conductance(pS/cm)_ 

D .o.  -0.44 

Post-Development  Information 


Time  (Finish):. 


9' 60 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


Comments: 


Color _ H _ 

Odor:  None  Weak 

Any  Films  or  Immiscible  Material 

nH  7  27 _ 

Specific  Conductance(|iS/cm) _ 


'0,54  *5/L 


Cloudy 

derated  Strong 


Temperaturer°F^^)  22  .  / 

Q.  2*50. 


! 


I:\forms\devclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/DK _ 

Well  Number _ £l  A  -  _ Measurement  Datum _ 


Pre-Development  Information 

Water  Level: _ 1QC- 


Time  (Start): _ &  •  30 _ 

Total  Depth  of  Well:  4 1-30 


Water  Characteristics 


s; 1  tk 

O 


Color. 

Odor:  None  u  Weak 
Any  Films  or  Immiscible  Material 
pH  *7-  2L? _ Temperature(°F  °C) 


Tclear  Cloudy) 

<ffioderate?  .Strong  SiJ\joA 


Specific  Conductance(pS/cmL 

2)6.  ~  0.67  'jjlL 


01 1  °c 


Interim  Water  Characteristics 
Gallons  Removed _ 

ph  7-  2>3 _ 


A. 


Temperature  (  °f(c)  22-  lf_C=. _ 

Specific  Conductance(pS/cm)_  IR  09q  dj&J/jaiJ 

1>-a  -  o.ii 

Post-Development  Information  Time  (Finish):_  VJJD 


Water  Level: _ _ _  Total  Depth  of  Well:. 

Approximate  Volume  Removed:  _ 

Water  Characteristics 

Color _ ^2 _ 

Odor:  None  Weak 

Any  Films  or  Immiscible  Material 

ph _ Z_2£L__ _ 

Specific  Conductance(pS/cm) _ 

P.O.  "  0,  Z2  ^jL 

Comments: 


{f/lod 


lerate 


Stronjp 


Jemp^rato^°F(^^^^^3  °C— 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(FT-17)  by  MS/MV/SH/DK _ 

Well  Number  _ Measurement  Datum _ 


Dale  ljz3j% 


Pre-Development  Information 

Water  Level:_  zjfii 


Time  (Start):  ll  1 5 


•ftroc. 


Total  Depth  ofWell:  12.  IQ 


Water  Characteristics 


Color _  dmj_  (jtkJjL 

Odor:  None  * f^Veak^ 
Any  Filnis  or  Immiscible  Material 
±21 


(6iear)  Cloudy 
Moderate  Strong 


PH. 


Temperature(°F  °C)  27\,  0 


Specific  Conductance(pS/cm)_ 

DO-  - 

Interim  Water  Characteristics 


AJj)!  Castes 


Gallons  Removed.. 
pH _ Ci  , 


J-A 


Temperature  (  °F^Cl  cZZ  *7 


Specific  Conductance(pS/cm) _ 

D.O.^  3.20  ' 

Time  (Finish):. 


Post-Development  Information 
Water  Level: _ 


lM£ 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 

Color _ 


JLjQtdlmA 


Odor:  None  ^ 

Any  Filmj  or  Jfnmiscible  Material 

pH_ 


^lea^)  Cloudy 
Moderate  Strong 


ms  or  Imrr 

L.% 


Comments: 


Specific  Conductance(|iS/cm)_ 

•  ~  Ml  *3/l  , 

kdcr?l~  +  IZl.O  m*/ 


TemppratureC°F^C).  $Q.  #  °C_ 


SuljuA 


Dfraturert-CH 

sUK/i 


0^ — 
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MONITORING  POINT  DE-VEfcOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2tFT-l 7^  by  MS/MV/SH/DK _ 

Well  Number  fTA-2  ix _  Measurement  Datum _ 


JDate/ 


Pre-Development  Information 

Water  Level: _ g?  ^  I 


Time  (Starf):  // 


hjOc^ 


Total  Depth  of  Well:  52? 


Water  Characteristics 


Color. 


Odor:  <JJons>  Weak 

Any  Films  or  Immiscible  Material 
pH  7*^-3 _ Jemperature(°F^ 


^leap)  Cloudy 
Moderate  Strong 


Specific  Conductance(^S/cm)_ 

T>.D.  »^j|  ^ 

Interim  Water  Characteristics 


Gallons  Removed. 

pH _ 7. 


Temperature  (  °Ft^C^  2h  -  Q. 


Specific  Conductance(pS/cm)_  im 

D.o.  ~  0. 35 

Post-Development  Information 

Water  Level: _ 


4 


Time  (Finish):. 


OILS. 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 

Color _ IT 


± 


Odor:  ^None 


Weak  J 


;learj  Cloudy 
loSerate  Strong 


Any  Films  or  Imjpiscible  Material 
pH  7^3 _ Temperature(°F^ 


Specific  Conductance(^S/cm)_ 

PA  ^ 

Comments:  r-tdfy  2^0  /fil/ 


2U  °C 


Y 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  222450,29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(rFT -\1)  by  MS/MV/SH/DK _ 

Well  Number _  _ UAilA  E> _ :  _ Measurement  Datum _ 


_Pate  -//&  /%> 


Pre-Development  Information 

\ 

Water  Level: 


Time  (Start):.. 

fcTGQ  Total  Depth  of  Well:  10^  c>  > 


Water  Characteristics 


Color 


Odor:  None  /$Je.x\cs) 

Any  Films  or  Immiscible  Material  _ 

pH  fi  .Is _ Temperature(°Fj 


Cloudy 

Moderate  Strong  St 


Specific  Conductance(pS/cm)_ 

Vo.  ~  0t(p5 

interim  Water  Characteristics 


_3& 


5 


If* 


Gallons  Removed, 

ph _ 7  63 


<2_ 


Temperature  (  °  pg) _ J4/jeC 


Specific  Conductance(pS/cm)_  _ -3Q%n 

>>0.~  0.10  **)Il 

Post-Development  Information  Time  (Finish):. 


l4j  lh 


Water  Level:, 


Total  Depth  of  Well:, 


Approximate  Volume  Removed: 
Water  Characteristics 


$5_ 


Color _ 

Odor:  None 

Any  Films  or  Immiscible  Material  _ — 

pH _ 7,6* _ Temperature(°F 


Cloudy  . 

Moderate  Strong  JcduxA, 


Comments: 


Specific  Conductance(pS/cm) _ 

'D-O.  ^  ^>,/4  /njlz. 


:raiuie^  r  T^-JL 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-17)  by  MS/MV/SH/DK _ 

Well  Number  CPT-I _ Measurement  Datum _ 


_Pate 


Pre-Development  Information 

Water  Level: _ 3>.AZ 


oiAn 


Time  (Start):_ 

HTOC  Total  Depth  of  Well:. 


/Ml 


Water  Characteristics 


Color 


Odor:  None 


Weak 


Any  Films  or  Immiscible  Material  _ 

pH  ^  :  40 _ Temperature(°F  2h  7  °C 

Specific  Conductance(pS/cm) 

k 


.Clear  ffioudfo 

>4ffcferaTe>  Strong  3cJ^ua 


II2>6 


o .  *  o.7<5 

Interim  Water  Characteristics 

Gallons  Removed _  _ J. _ 

ph  6-7^. _ 


oir 


Temperature  (  °F  (£) _ J’S.  /  °C- 


Specific  Conductance(pS/cm). 

P.  0  ^jL 

Post-Development  Information 


//3Q 


Time  (Finish):. 


frO~7 


Water  Level:. 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 

Water  Characteristics 

Color  IX _ 

Odor:  None 


1  MdhhA 


t^learJ  Cloudy  , 

cJToderat^s  Strong 


Weak 

Any  Films  or  Immiscible  Material  H _  _ 

pH  b>,  73 _ Temperaturef°F  33*  0  °C~ 

Specific  Conductance(pS/cm) _ 1/30  yt'^Jr  jrYV^ _ 


Comments: 


P>'0~’  o,c>2 


I:\forms\dcvclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450,29  Job  Name:  AFCER  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA^CFT-m  by  MS/MV/SH/DK _ 

Well  Number  Cllll 


JDate 


.Measurement  Datum. 


ill 


Pre-Development  Information 
Water  Level: _ 


Time  (Start):. 


\3Toc 


Total  Depth  of  Well:  33,  QS 


Water  Characteristics 


Color  ifMu')  - 
Odor:  Ncme  ' 


si 

_Clear  CCIondy^) 

Moderate  Strong  Sl 


Any  Films  or  Immiscible  Material  _ 21 _ 

pH  6.7/ _ Temperaturef°F  °C)  (gc'C 


I 


*  "  . .  .  I - \  *  v/.  . 

Specific  ConductancefuS/cm’)  j 'BOO  M.*\ Icrr^j 

0.0.  ^  l-SD  i^jju 


Interim  Water  Characteristics 

Gallons  Removed_  _ J  &t*A 

dh  %  20 _ 


Temperature  ( °F(fS) _ OH 


Specific  Conductance(pS/cm)_  2120  ^4b)crr^ 

D-D  1.42  '"jlu 

Time  (Finish):. 


Post-Development  Information 
Water  Level: _ 


1000 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


1  MilltinA 


Comments: 


Color _ 

Odor:  None'  v  Weak 
Any  Films  or  Immiscible  Material 

pH _ 7,  Oc) _ _ _ Jem 

Specific  Conductance(pS/cm)_ 

v 


_ .Clear  g^ftud^  / 

_dffiodera&  Strong  ScdytC 


X),0.  ~I.Uo  Aia|l 

Itdtft  *  "51  i 


JCw^s 


~3K±  3 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation  1  1 

Location  Cape  Canaveral  -_CCFTA-2(TT-m  bv  MS/MV/SH/DK _ Date  l[23 /  l(i? 


Well  Number 


^Measurement  Datum. 


Pre-Development  Information 

Water  Level: _ 3  ■  2  1 


Time  (Start):. 


IM1 


BTQC  Tol.'il  Denth  of  Well:  5  3  ■  5  7  ' 


Water  Characteristics 


Color 


lfe  V  cWSaF 


Odor:  Norn 

Any  Fijms  orjmmiscible  Material 


50. 

_Clear  (6loudvJ 


PH 


Moderate^)  Strong 


& 


Temperaturef°Fffi?fc  ,  £o.2C^ 


_ I  *  W  _ iwut^iaiui^  1  V  ^ 

Specific  ConductanceffiS/cml  37 bD 

20^)1, 


Interim  Water  Characteristics 

Gallons  Removed _ £  (LjtjiQiA 

n  a  -f 

pH. 


3At 


Temperature  (  °F^&) _ 2°  (3 


Specific  Conductance(|iS/cm). 

2>.0.  -'I/O/  rti <jjL 


2&1H 


Post-Development  Information 
Water  Level: _ 


Time  (Finish):. 


to  30 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


zidkifa 


Color_ 

Odor:  Nbne(/  Weak 

Any  Films  or  Immiscible  Material 
pH  *1,  dk  _ Tern 


_C  lear 


Strong 


Comments: 


Specific  Conductance(pS/cm) 

PO.-UI^/u 

~  ~75(o  ^  \f 


;mperature(°F  tcj 

?falC  ajMt. 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral^ CCFTA-2fFT- 17)  ■by  MS/MV/SH/DK _ 

Well  Number  (1\?  t- 4  ^5hCiH0uJ) _ Measurement  Datum _ 


Pre-Development  Information 


Time  (Start): 


Water  Level: 


Total  Depth  of  Well:. 


Water  Characteristics 


Color. 
Odor:  ^ 


one 


gjeaix  Cloudy 
Wea£)  Moderate  Strong  Jo 


Any  Films  or  Immiscible  Material  _ —  , 

pH _ Cp'V  ^ _ J emperature(°F °C)_ 


Specific  Conductance(pS/cm)_ 

p.Q.  - 


Interim  Water  Characteristics 
Gallons  Removed _ 


pH_ 


UAiQ 


Temperature  (  °F  (c) _ *  Q_  ^ 


Specific  Conductance(pS/cm)_ 

D -0-~  0,31 

Post-Development  Information 


m 


Time  (Finish):. 


\rCO 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFT^fFT- 1 7J  bv  MS/MV/S H/DK _ Pate 


Location  Cape  Canaveral  -  CCFT^-2fFT-17I  by  MS/MV/S  H/DK _ 

Well  Number  f'ftT  -  *7  (pfO  _ Measurement  Datum. 


Pre-Development  Information 

Water  Level:.  A/  ft  (fob.ACj) 
Water  Characteristics 


Time  (Start):  H.OS 


Total  Depth  of  Well:. 


Color 

Odor: 


<3VeaE) 

Any  Films  or  Immiscible  Material 
pH  7-  Oto _ Temperature(°F ^C 


Specific  Conductance(jiS/cm), 

x>.o.-  o M  \l 

Interim  Water  Characteristics 

I 


_CIear  <C^2>  , 

Moderate  ^  ^rong  JlXjM 


Gallons  Removed. 

ph _ 7-  L5- 


’2L 


Temperature  (  °F^CJ)  Pj '  C 


Specific  Conductance(pS/cm). 

D.o.  -  i-03  ^/l 

Post-Development  Information 


j]}Q  H^jcvr^ 


Time  (Finish): _ /  2*  5>^ 


Water  Level:. 


Approximate  Volume  Removed: 
Water  Characteristics 


Total  Depth  of  Well:. 

A _ 


Color. 

Odor: 


Mone 


Any  Filp^s  or  Jmmiscible  Material 
PH. 


"M 


_ Pear  j^loudy^)  ,  i 

C"WeaO  Moderate  Strong  /l WCW  &&k)C']rO 

~7E^=, 


Comments: 


Bscific  Conductance(pS/cm)_ 

•o.  ~  I,  ^)\i. 

ieckN - IQ 


-TeT/?r::® 
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MONITORING  POINT  DEVELOPMENT  RECORD 


( 


Job  Number:  722450,29  Job  Name:  AFCEF.  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2CFT-17>  by  MS/MV/S  H/DK _ 

Well  Number - C  P  T~  _ Measurement  Datum _ 


-Date 


Pre-Development  Information 
Water  Level: _ 


Time  (Start):. 


IMP 


Total  Depth  of  Well:. 


Water  Characteristics 


Color 


Weak) 


Clear  Qfouj>) 
Moderate  Strong 


Odor:  None 

Any  Films  or  Immiscible  Material  _ _  _ 

dH  7.  /  ^  Tempera  ture(°F  °Q 

Specific  Conductance^ uS/cml  -^2 00  /1aJ\ 

Do O.'cU  “5/l  ^ 


Interim  Water  Characteristics 
Gallons  Removed _ 

ph _ ?.i4 


Temperature  ( °F  (q)_  23-3-y 


Specific  ConductancefuS/cm!  7)?  j  0  /OA  j 

to.  -  o.aa  31/. 

Post-Development  Information 


Time  (Finish):. 


it) '55 


Water  Level: 


Approximate  Volume  Removed: 
Water  Characteristics 


Color, 

Odor: 


Total  Depth  of  Well:, 


f 


Weak 


Any  Films  or  Immiscible  Material 
pH - IdJ _ _ _ Jemperature( 


Clear  Cloudy) 
Moderate  Strong 


Specific  Conductance(pS/cm) 

0.10 


°F @) 


Comments: 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  7224$0,29  Job  Name:  AFCEF,  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-17J  by  MS/MV/SH/DK 
Well  Number  flPT~  7 


Date 


.Measurement  Datum. 


j25ku 


Pre-Development  Information 
Water  Level: _ 


Time  (Start): _ lO'J2  C> 


Total  Depth  of  Well:. 


Water  Characteristics 


1 6/  / 


Color_ 

Odor:  None 


Any  Films  or  Immiscible  Material 


eak 


ph  _3.c6 


_Clear  gfloydy)  hi  Jt  / 

Moderate  Strong 


Specific  Conductance(jiS/cm) 

la  5^  ju 

Interim  Water  Characteristics 

/ 


Temperature( 


..  ILOI  c~ 


Gallons  Removed. 

pH _ 2iZ _ 


Temperature  (  °F  fcj)  Pp  [„  TL 


Specific  Conductance(pS/cm)_ 


Ce2D 


Post-Development  Information 
Water  Level: _ 


Time  (Finish): 


lO-AO 


Approximate  Volume  Removed: 
Water  Characteristics 


j. 


Total  Depth  of  We!l:_ 

'KA 


Color _ ~ 

Odor:  None 

Any  Films  or  Immiscible  Material 

pH - ft  IP- _ _ _Temperature(°F £<£))' 

Specific  Conductance(uS/cm) 

VO.~  2'{*o»jju 


-^kar^  Cloudy  i 

Moderate  Strong 

ture(°F  (ffi)  ] 

(220. 


Comments: 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  Z2.245Q.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveraj_-  CCFTA-2tFT-l7t  by  MS/MV/SH/DK _ 

Well  Number  CP  I  _ Measurement  Datum _ 


_Pate_i 


Pre-Development  Information 
Water  Level: _ 


Time  (Start): _ OQ 


Total  Depth  of  Well:. 


Water  Characteristics 


Color 


Odor:  CNone 


Any  Films  or  Immiscible  Material 
pH  £  ■  9/ 


Specific  Conductance(pS/cm) 

0.2  2™)Il 

Interim  Water  Characteristics 

Gallons  Removed _  L5 

ph _ 6  _ 


_ _ Cloudy  . 

Weal?)  Moderate  Strong 

Material  _ ~ _ _  / 

TemperatureTFr^Sj) 


Temperature  ( a3.5°c 


Specific  Conductance(pS/cm)_  0  5!3>  sUaU-w-O 

P 0.  0.hZ"JlL- 

Post-Development  Information  Time  (Finish):. 


JO’.  20 


Water  Level: 


Total  Depth  of  Well:. 


Approximate  Volume  Removed: 
Water  Characteristics 


Color _ ; 

Odor:  IflomT 


Any  Filrps ^^r^miscible  Material 


(Clear^  Cloudy 
Mo3erate  Strong 


pH_ 

Specific  Conductance(pS/cm)_ 
T>-  o.  ru  &  75 


Temperaturef°F  °Q  ^  3-  2°C 


'‘Sidji/v* 


Comments: 


l:\forms\dcvelop  doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450,29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/DK _ 

Well  Number _ M  r  1  1-3 _ Measurement  Datum _ 


J)ate 


Pre-Development  Information 
Water  Level: _ 


Time  (Start):. 


//'  20 


Total  Depth  of  Well: 


Water  Characteristics 
Color 


Odor: 


Weak 


_CIear 

Moderate  Strong 


Any  Films  of  Immiscible  Material  — 7 

pH 


rums  or 


Jemperature(°F  fCft  ~2\  ~1°C 
Specific  Conductance(fiS/cm) _ L> 3A 


~  1.53  "jlu 

Interim  Water  Characteristics 

Gallons  Removed _ 

ph _ 70  A 


Temperature  ( °F 


2L  TC 


Specific  Conductance(pS/cm)_ 

A 53 

Post-Development  Information 


Time  (Finish):. 


//■'  j£ 


Water  Level:. 


Approximate  Volume  Removed: 
Water  Characteristics 


3- 


/ 


Total  Depth  of  Well:. 


jjj  c 0  t/Lff 


Color _ 

Odor:  Weak 

Any  Films  or  Immiscible  Material 

ph  7-  03  _ 

Specific  Conductance(|iS/cm) 


_Clear)  Cloudy 
IcTderate 


Strong 


lALyl, 


TemperaturerF  f&f)  ~2fi 7°C 


Comments: 
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Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape -Canaveral  -  CCFTA-2(FT-17!  by  MS/MV/SH/DK _ 

Well  Number  /X) _ Measurement  Datum _ 


Pre-Development  Information 


Time  (Start): _ //  1  /  Q 


Water  Level: _ _  Total  Depth  of  Well:. 

Water  Characteristics 

Color_  _ Clear  (Cloud)* 

Odor:  ^or^  0  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _  _ 

pH - L.ll - Temperaturef°F  2^).  (0°C 

Specific  Conductance(pS/cm) _ _ 

6.1Vy/u 

Interim  Water  Characteristics 


Post-Development  Information 


Time  (Finish!:  jj_  \  ^  O 


Water  Level: _ 

Approximate  Volume  Removed: 
Water  Characteristics 


_  Total  Depth  of  Well:. 

iS  _ 


Color _ — _ Cloudy 

Odor:  <*NoS  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ ~ _ 

pH _ fj  t _ Temperature(°E/f^  $?>  .  j 

Specific  Conductance(uS/cm!  $22/)  _ 

on 2 
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Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cane  Canaveral  -  CCFTA-2fFT- 1 71  bv  MS/MV/SH/DK _ 

Well  Number  _ /np-a _  _ Measurement  Datum _ 


Pate 


Pre-Development  Information 


Time  (Start) 


Water  Level:. 


Total  Depth  of  Well:. 


Water  Characteristics 


Color 


Odor:  ^NomT 


-AVealO 


_Clear  gl 
Moderate 


Strong 


Any  Films  or  Immiscible  Material 

pH  £ :  B3 _ Temperature(°F  °C 

Specific  Conductance(pS/cm) _ 


fiytjsoceJoc'r)  / 5oJjuA 


:°f°q _ 

Q£>0  <ls£JC4*=JL 


D-0-  0,32  ^ Jl. 


Interim  Water  Characteristics 


Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed: 

Water  Characteristics 


Color_ 

Odor: 


None 


learj  Cloudy 


Moderate. 


Strong 


Any  Films  or  Immiscible  Material 

ph  & .  Si  _ 


y* 


6&0lA. 


Specific  Conductance(pS/cm)_ 

12.0.  ~  0, 43  n^)L 


JTemperatureC 


D  -0  0<1 
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Job  Number:  222450.29  Job  Name:  AFCER  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-l7~t  by  MS/MV/SH/DK _ 

Well  Number  ME'  ^  _ Measurement  Datum _ 


Pate 


Pre-Development  Information 


Time  (Start): _ *7 3.  0 


Water  Level: _ _ _  Total  Depth  of  Well:. 

Water  Characteristics 

Color _ b/toiQ/0 _ Clear  <6loudv) 

Odor:  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _  —  _ 

pH _ L>  •  £  _ Temperature(°F^°C)  21.  7  gG 

Specific  Conductance(pS/cm) _ 1  n<0 

D-O.  ^  O-bb  ^/l 

Interim  Water  Characteristics 


Post-Development  Information 

Water  Level: _ 

Approximate  Volume  Removed: 
Water  Characteristics 


Time  (Finish!:  .  3^3 

Total  Depth  of  Well: _ 


Clearji  Cloudy 
Moderate 


Any  Filmj  or  Immiscible  Material 
PH_ 

Specific  Conductance(pS/cm)_ 


D-o*  ^  G.5S 


Temperature(’°F(^d^  .  $°(L 


Strong 
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Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-I71  by  MS/MV/SH/DK 
Well  Number_ 


averal  -  CCI 

3B 


_Pate  ( 


Measurement  Datum. 


•u. 


Pre-Development  Information 


Time  (Start):. 


7:50 


Water  Level: 


3.  91 


Total  Depth  of  Well:. 


Water  Characteristics 
Color_ 


hroudOj^idd 

Dne  '  Wfcal 


Odor:  None  9  Weak 

Any  Films  or  Immiscible  Material 
pH  L*  _ Temperature(°F  °C). 


Clear  <C^cIoudj) 

it£)  Strong 


51.  2*C 


Interim  Water  Characteristics 

Gallons  Removed _ 

pH_ 


Specific  Conductance(uS/cm) _ Il30  JdYY-^ 

^)L 

-J- 


Temperature  (  °F 


Specific  Conductance(pS/cm)_ 

D.&  -  0-T> 

Post-Development  Information 


LL20 


Time  (Finish):. 


KX> 


Water  Level:. 


Approximate  Volume  Removed: 
Water  Characteristics 

Color _ 


Total  Depth  of  Well:. 

'hA _ 


Odor:  None 
Any  FilmS/Or 
pH_ 


lb.UI 

b' 


Weak 

iscible  Material 


ear  )  Cloudy  . 

oderate^  Strong  \\jf^(1)C0iAY)C7^ 


Temperature(°F^C^  .  (l\.  6jUC^ 
Specific  Conductance(pS/cm) _ Jj_5Q_  s/scAjCw — 

>0.  -  0,50  "5 lu 
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Job  Number:  722450,29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2fFT-m  by  MS/MV/SH/DK _ 

Well  Number  /friP  -  _ Measurement  Datum _ 


Pre-Development  Information 

Water  Level:  UBJn  b,/i 


Time  (Start):. 


T.6D 


Total  Depth  of  We!I:_ 


Water  Characteristics 


CoIor_  mzkh/_  zMM 
Odor:  <NomT) 


Weak 


~D.O. 

Interim  Water  Characteristics 


Any  Films  or  Immiscible  Material 

pH _ L>  ♦  &L? _ Temperature(°F  °C). 

Specific  Conductance(pS/cm) _ 


_Clear 

Moderate  Strong 


02- 


155 


L 


% 


Post-Development  Information 
Water  Level: _ 


Time  (Finish):, 


&US. 


Total  Depth  of  Well:, 


Approximate  Volume  Removed: 
Water  Characteristics 


3  4t?d/ey^ 


cIma 


Cloudy 

Moderate  Strong 


Color _ 

Odor:  ^fJone^  Weak 

Any  Films  or  Immiscible  Material  _ _ 

pH _ _ Temperaturef°F  °C)  2^  I  °C— 

Specific  Conductance(pS/cm) _ S7  ib  ~~ 

t>.0.  ^  0>  bl 
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Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2(TT-1 7)  by  MS/MV/SH/DK _ _ 

Well  Number  _ Measurement  Datum _ 


Pate 


Pre-Development  Information 


Time  (Start):  ElA^. 


Water  Level:. 


Total  Depth  of  Well:. 


Water  Characteristics 


Color  _ 

Odor:  d^opeD  Weak 

Any  Films  or  Immiscible  Material  _ 

pH _ Cd  *  /£) _ Temperature^ 


^fjear)  Cloudy 
Moderate  Strong 


Specific  Conductance(jiS/cm)_ 

D.  0^0.33  mj\L 

Interim  Water  Characteristics 


Gallons  Removed. 
pH _ 6-46 


0 


Temperature  (  °F 


O0.f>eC 


Specific  Conductance(pS/cm)_ 

L 


Post-Development  Information 


94D  ^dje. 


Time  (Finish):. 


ms 
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Job  Number:  722450.29  Job  Name:  AFCEE  Natural  Attenuation 

Location  Cape  Canaveral  -  CCFTA-2CFT-I7t  by  MS/MV/SH/DK _ 

Well  Number  ~  _ Measurement  Datum _ 


Date  A 


jjid% 


Pre-Development  information 
Water  Level: _ 


Time  (Start):_ 


9-.  2  O 


Total  Depth  of  Well:, 


Water  Characteristics 


Color 


_Clear  gfou 
Moderate 


Odor:  None 

Any  Films  or  Immiscible  Material  _ 

pH _ 33 _  T emperature(°F (^>  .  J?2- 1 


Strong 


Specific  Conductance(pS/cm) _ /J?  4() 

Interim  Water  Characteristics 


Gallons  Removed _ 

pH - (q. 


Temperature  (  °F^3  /V 


Specific  Conductance(pS/cm) _ 

~D.O.~dlL> 

Eost-Development  Information  Time  (Finish):. 


2>5~ 


Water  Level: 


Approximate  Volume  Removed: 
Water  Characteristics 


Color 

Odor: 


Total  Depth  of  Well:, 


Weak 

Any  Filmsxir  Immiscible  Material  _ 

pH _ tpi  _ Temperature(°F  ^2^. 


^jeaB  Cloudy 
Moderate  Strong 


Specific  Conductance(pS/cm)_ 

D.o.  -  o.  30  «ylL 


2ml 


Comments: 


l:\fonns\devcIop.doc 


DRAFT 


APPENDIX  B 

SOIL,  GROUNDWATER,  AND  SURFACE  WATER  ANALYTICAL 

RESULTS 


DRAFT 


NOTE  REGARDING  SAMPLE  NAMES/NUMBERS  AND  LOCATIONS 

For  the  1994  sampling  event  USEPA  and  ARA  personnel  selected  names  and  numbers 
for  sampling  locations.  For  the  CPT  pushes  used  to  determine  stratigraphy  and  collect  soil 
samples,  multiple  pushes  were  performed  at  a  single  location  (within  a  few  feet  of  each 
other),  and  ARA  gave  each  push  a  separate  designation,  which  carried  over  to  the  EPA 
soil  sampling  data.  For  groundwater  sampling,  EPA  gave  each  CPT-installed  monitoring 
point  a  designation  incorporating  a  project  number  they  assigned  (87)  and  a  number  such 
as  MW1S  (where  the  “S”  is  a  desgnation  for  shallow).  This  scheme  conflicts  somewhat 
with  the  naming  scheme  of  2-inch  monitoring  wells  at  the  site.  When  sampling  2-inch 
wells,  EPA  used  the  scheme  “87-PXX”,  where  “XX”  is  the  last  two  digits  of  the  well 
name  as  designated  on  the  well  and  in  this  report.  For  example,  the  sample  87-P9S  was 
collected  from  well  CCFTA2-9S.  Surface  water  samples  were  given  descriptive  names. 

To  avoid  confusion  and  simplify  these  schemes,  the  location  names  and  sample 
names/numbers  reported  in  the  main  body  of  this  report  have  been  changed.  The 
following  table  lists  the  previous  (1994)  names/numbers/locations  and  the  corresponding 
names/numbers/locations  used  in  this  document. 


DRAFT 


1994  Designation 

1996  Designation 

CPT-87-MW1S 

CPT-1 

CPT-87-MW1M 

CPT-2 

CPT-87-MW1D 

CPT-3 

CPT-87-MW2S 

CPT-7 

CPT-87-MW2D 

CPT-8 

CPT-87-MW3S 

CPT-4 

CPT-87-MW3D 

CPT-5 

CPT-87-7-MW1M 

CPT-6 

CPT-87-MW4S 

CPT-9 

CPT-87-MW4D 

CPT-10 

CCAFB-01,  -01-LIF,  -01-SS1,  -01-SS2 

CCAF-01 

CCAFB-02,  -02-LIF 

CCAF-02 

CCAFB-03,  -03-LIF 

CCAF-03 

CCAFB-04,  -04-LIF 

CCAF-04 

CCAFB-05,  -05-LIF 

CCAF-05 

CCAFB-06,  -06-LIF,  -06-SS1,  -06-SS2 

CCAF-06 

CCAFB-07,  -07-LIF,  -07-SS1,  -07-SS2 

CCAF-07 

CCAFB-08,  -08-LIF 

CCAF-08 

CCAFB-09,  -09-LIF 

CCAF-09 

CCAFB-10,  -10-LIF 

CCAF-10 

CCAFB-11,  -11-LIF 

CCAF-11 

CCAFB-01B,  -01B-SS1,  -01B-SS2 

CCAF-01 

87-PI 

CCFTA2-1 

87-P2 

CCFTA2-2 

87-P3 

CCFTA2-3 

87-P4 

CCFTA2-4 

87-P5 

CCFTA2-5 

87-P6 

CCFTA2-6 

87-P7S 

CCFTA2-7S 

87-P7D 

CCFTA2-7D 

87-P9S 

CCFTA2-9S 

87-P9D 

CCFTA2-9D 

87-P13S 

CCFTA2-13S 

87-P13D 

CCFTA2-13D 

87-P14 

CCFTA2-14 

87-P15 

CCFTA2-15 

87-P16S 

CCFTA2-16S 

87-P16D 

CCFTA2-16D 

87-P17 

CCFTA2-17 

UPSTREAM 

SW-1 

DITCH 

SW-2 

DOWNSTREAM 

SW-3 

NOTE: 

In  1996,  one  surface  water  sample  was  collected.  EPA  called  it  “Grab  -  Lagoon.”  It  is  referred  to  as  SW-4 
in  the  report. 
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UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
Robert  S.  Kerr  Environmental  Research  Laboratory 
P.O.  Box  1198 
Ada,  Oklahoma  74820 

April  29,  1994 


R.  Todd  Herrington 
Engineering-Science,  Inc. 

1700  Broadway,  Suite  900 
Denverj  CO  80290 

Dear  Todd: 

Enclosed  is  a  copy  of  water  sample  analyses  from  Patrick  AFB  and  Cape  Canaveral 
Air  Station.  Analyses  of  the  core  samples  will  be  completed  the  latter  part  of  May.  When 
analytical  work  is  completed  I  will  reorganize  the  data  into  condensed  tabular  form  for 
distribution. 


Sincerely, 


Don  H.  Kampbell,  Ph.D. 
Research  Chemist 
Subsurface  Processes  Branch 


Enclosure 


Recycled/Ttocydabl* 

Printed  with  Soy/Canola  Ink  on  paper  that 
comains  at  least  75%  recyded  fiber 
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CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


mg/1 

^P10  NQ^gj-NO'3  (N)  mg/1  cl' 


87— PI 

<.05 

87-P2 

<.05 

87-P3 

<•05 

87-P3  Dup 
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<.05 
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<.05 

87-6 

<.05 

87-7D 

<.05 

87-7D  Dup 

<.05 

87-9D 

<.05 

87-9  S 

<.05 

87-9S  Dup 

87— 13D 

<.05 

87-15 

<.05 

86-3-MWS 

<.05 

Blank 

<.05 

AQCWP031 

.48 

True  Value 

.52 

Spike  Recovery 

100% 

36.8 

176 

559 

548 

59.7 

497 

58.4 

450 

640 

62.6 

62.1 

405 

54.3 


<.5 

39.6 

40.6 
98% 


mq/1  SO," 

424 

44-1 

281 

280 

171 

432 

178 

15.4 

36.7 
127 
126 
3.79 
90.6 

<.5 

87.8 
92.0 
103% 


S  simple 

mg/1 

NO\+NO\(N) 

86-4-MWD 

.09 

8  6-5-MWS 

.17 

86-7 

.12 

86-8 

.10 

86-9-MWD 

.11 

86-9-MWD  Dup 

.11 

86-9-MWS 

.10 

86-12-MWD 

.12 

86-12-MWS 

.10 

86-12-MWS  Dup 
86-18-MWD 

.11 

86— 18-MWS 

.12 

86-19-MWD 

.10 

86-19-MWS 

.11 

86-19-MWS  Dup 

.10 

86-20-MWD 

.07 

86-20-MWS 

.10 

86-23-MWD 

.10 

86-23-MWS 

.12 

86-23-MWS  Dup 
86-6 

.13 

86-10-MWS 

.13 

86-11 

.15 

86-13 

.12 

86-14-MWD 

.11 

86-16 

.13 

86-21-MWD 

.14 

86-21-MWS 

.29 

86-22-MWD 

.12 

86-22-MWS 

.07 

86-22-MWS 

.  06 

86-24-MWD 

.10 

86-24-MWS 

.  12 

86-25-MWD 

.12 

86-25-MWS 

.12 

86-26-MWD 

.11 

86-26-MWD  Dup 
86-26-MWS 

.12 

86-PPOL-15 

<.05 
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<.05 

86-PPOL-6  Dup 

<.05 

86-PB-5 

.10 

86-T19 

2.04 

87-13S 

.14 

87-14P 

.07 

87-14P  Dup 

.09 

87-P7S 

.12 

87-P17 

.10 

Blanks 

<.05 

AQCWP031 

.51 

True  Value 

.52  ~ 

Spike  Recovery 

103% 

103% 

mcr/1  Cl* 

mcr/1  SO,* 

12.4 

1.47 

23.6 

6.86  • 

30.2 

2.52 

44.7 

8.51 

34.7 

15.3 

14.3 

6.64 

28.1 

3.86 

15.2 

8.38 

15.2 

8.47 

15.0 

1.85 

36.6 

86.0 

33.7 

1.51 

37.4 

8.85 

52.0 

<.5 

9.83 

25.5 

36.1 

1.49 

23.4 

<.5 

23.4 

<.5 

47.8 

7.03 

26.6 

9.50 

12.7 

15.9 

35.5 

6.94 

34.6 

3.68 

37.9 

8.23 

29.8 

13.3 

26.6 

25.5 

66 . 6 

128 

5.46 

3.61 

6.63 

<.5 

54.7 

6.16 

28.0 

51.9 

44.9 

19.8 

43.6 

19.5 

15.1 

1.22 

44.0 

3.20 

10200 

1150 

51.4 

4.45 

35.1 

29.6 

24.6 

129 

282 

165 

43.7 

46.8 

30.5 

163 

<.05 

<.05 

39.3 

88.5 

39.9 

88.0 

'41.2 

92.0 

102% 

101% 

97% 

~  95% 

Sample 

mg/1  = 
NO'-.+NO*. 

mg/1  Cl 

87-MW1-D 

.10 

1,021 

87-MW1-D  Dup 

1,021 

87-MW1-M 

.11 

1,044 

87-MW1-S 

.11 

20.3 

CPT87-MW2-M 

.13 

1,130 

CPT87-MW2-S 

.16  ' 

16.6 

CPT87-MW3 -M 

.11 

906 

CPT87-MW3-S 

.12 

68.5 

CPT87-MW3-S  Dup 

.12 

68.2 

CPT87-MW7-M 

.10 

843 

CPT87-MW4-S* 

.23 

203 

CPT8  7 -MW4 -S  *Dup 

.16 

CPT87-MW4-M 

.12 

CPT87-MW4-M  Dup 

.14 

CPT87-MW4-S* 

81.4 

Blanks 

<.l 

<.5 

AQCWP031 

.44 

40.8 

True  Value 

.52 

41.2 

Spike  Recovery 

105% 

99% 

mq/l.SQ^ 

31.6 
28.2* 
185 

76.7 
461 
15.3 
223 
64.0 

64.7 
185 
114 


120 

<.5 

93.4 

92.0 

100% 


*  - 


2  unfixed  samples  were  labeled  the 


same,  received  4-1-94 


Set  #  4 
Samples  received 
Samples  analyzed 

Sample 

87-PI 

87-P2 

87-P3 

87-P4 

87-P5 

87-P6 

87-7D 

87-P9D 

87-P9S 

87-13D 

87-13D  Dup 

87-15 

RO  HzO 

WP031  I 


03/30/94 

03/30/94 

ma/L  TOC 

7.3 

17.9 

7.3 

5.9 
8.7 

23.3 

5.1 

3.9 
23.3 

5.2 
5.2 
4.5 
0.1 
27.8 
28.0 


Set  #  5 

Samples  received  03/31/94 
Samples  analyzed  04/04/94 

Sample 

87-MW1-D 

87-MW1-M 

87-MW1-S 

CPT87-MW2-M 

CPT87-MW2-S 

CPT87-MW2-S  Dup 

CPT87-MW3-M 

CPT87-MW3-S 

CPT87-MW7-M 

CPT87-MW7-M  Dup 

RO  HzO 

WP031  I 


ma/L  TOC 


4.0 

6.1 

58.9 

8.7 
4.1 
4.0 
7.3 

13 . 2 

5.7 
5.7 
0.1 
28.0 

28.2 


Set  #  6 

Sample  received  04/04/94 
Sample  analyzed  04/04/94 


Sample 


mg/L  TOC 


CPT87-MW4-S  6.9 

CPT87-MW4-M  6.9 

RO  h2o  0.1 

WP031  I  27.6 


True  Value  of  WP031  I  =  28.0  mg/L 


Set  #  3 

Samples  received  03/29/94 
Samples  analyzed  03/29/94 


Sample 

mcr/L  too 

86-6 

3.8 

86-10 

MWS 

21.3 

86-13 

* 

7.2 

86-14 

MWD 

12.8 

86-16 

9.4 

86-21 

MWD 

6.1 

86-21 

MWS 

7.6 

86-22 

MWD 

11.4 

86-22 

MWS 

10.0 

86-22 

MWS  Dup 

10.0 

86-24 

MWD 

2.8 

86-24 

MWS 

5.6 

86-25 

MWD 

15.7 

86-25 

MWS 

15.7 

86-26 

MWD 

8 . 3 

86-26 

MWS 

5.0 

87-P135 

=3.0 

87-14P 

9.3 

87-14P 

Dup 

9 . 3 

87-P75 

9 . 5 

87-P17 

8 . 1 

RO  H20 

0.1 

WP031 

I 

27.7 

28.0 

28.0 

28.3 

27.5 

27.8 
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4-08-1996  11:43AM 


FROM  APAB  /BPAB  405  436  8703 


P. 


nmm 

TECHi'm 


Ref:  96-SH20/vg 

March  13,  1996 


Dr.  Don  Xampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OX  74820 

THRU:  S.A.  Vandegrif t 
Dear  Don: 


Attached  are  TOC  results  for  5  Cape  Canaveral  soils 
submitted  January  24,  1996  under  Service  Request  #SF-2-183. 
Sample  analysis  was  begun  February  27,  1996  and  completed  March 
13,  1996  using  RSKSOP-102  and  RSKSOP-120. 


Blanks, 
your  samples , 
any  questions 


duplicates,  and  AQC  samples  were  analysed  along  with 
as  appropriate,  for  quality  control,  if  you  have 
concerning  this  data,  please  feel  free  to  ask  me. 


Sincerely, 


Sharon  Hightowe 


XC : 


R.L. 
G.B . 
J.L. 


Cosby 

Smith 

Seeley 


ManTecfa  Environments!  Research  Services  Corporation 


&S.  Kerr  Environmental  Research  Laboratory,  ?.G.  Boa  1 198, 919  Research  Drive 
Aria,  Oklahoma  7482M189  -^05-436-^660  FAX  4054} 6-3501 


4-08-1996  11:43AM 


FROM  APAB  /BPAB  405  436  6703 


P.  3 


PBELL  CAPE  CANAVERAL  SOIL 


SAMPLE 

SOIL  FILTRATE 
%  O.C.. 

SOLIDS 
%  O.C. 

TOTAL  SOIL 
%  TOC 

MEAN 

%TOC 

MP1S  1-1 

.016 

.023 

.039 

.041 

1-2 

.022 

.021 

.043 

MP-3  1-1 

.023 

.017 

.040 

.114 

1-2 

.010 

.273 

.283 

1-3 

.008 

.012 

.020 

MP5  1-1 

.013 

.006 

•  .019 

.017 

1-2 

.013 

.001 

.014 

MP3 -6  1-1 

.015 

.005 

.020 

.021 

1-2 

.015 

.006 

.021 

MP  4S  1-1 

.015 

.005 

.020 

.019 

1-2 

.014 

.003 

.017 

LECO  STD. 

1.04 

WP034-II  STD. 

6.4 

SID. 

nv. 


Leco  std.  t .v. =1.00+. 04 
WP034-II  std.  t . v . =6 . 3 


MAflfm 
TECHml 


Ref:  96-DF13 

Feb.  27,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 


As  requested  in  Service  Request  SF-2-183,  GC/MS  analysis  for 
phenols  and  aliphatic/aromatic  acids  was  done  on  water  samples  from 
well  sites,  FTA2-96,  FTA2-03,  FTA2-05,  FTA2-06  and  FTA2-205  at  Cape 
Canaveral.  Derivatization  of  the  sample  was  done  by  Amy  Zhao  on 
Feb.  8,  1995.  The  extract  was  analyzed  by  GC/MS  on  Feb.  23,  1996. 
RSKERL  SOP  177  was  used  for  the  extraction,  derivatization  and 
GC/MS  analysis  of  the  samples. 

Table  I  provides  the  concentrations  of  the  phenols  and 
aliphatic/aromatic  acids  found  in  the  Cape  Canaveral  samples.  A 
derivative  and  extraction  blank  and  a  50  ppb  spiked  extraction 
blank  are  also  included.  Please -note -that  pentanoic  acid,  hexanoic 
acid,  heptanoic  acid  and  benzoic  acid  were  present  in  extraction 
blanks  at  levels  comparable  to  the  samples.  It  is  questionable 
whether  these  compounds  are  present  in  the  samples  due  to  their 
P^eserice  in  the  extraction  banks.  2- Ethylhexanoic  acid  was  found 
at  much  higher  levels  in  the  samples  than  in  the  blanks. 

If  you  should  have  any  questions,  please  feel  free 

to  contact  me. 


xc:  J.  Seeley  .jfi 
G.  Smith  H 1 
R.  Cosby 
D.  Fine 


Sincerely,  p  . 
Dennis  D.  Fine 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1 189  405-436-8660  FAX  405436-8501 


Table  I.  Oiantftatfve  Report  and  QC  Data  for  Phenols  _  and  Alipbatc  and  Aromatic  Adds 
lor  Samples  from  Cape  Canaveral  (Service  Request  SF— 2-183). 

Concentration  ppb 


PROPANOIC  ACID  -  PFB 
2-METHYLPROPANOIC  ACJD  -  PFB 
TRIMETHYL  ACETC  ACID  -  PFB 


BUTYRIC  ACID  -  PFB 

2- METHYLBUTYRICACtD  -  PFB 

3- METHYLBUTYRIC  ACIO  -  PFB 


FTA2-95 


13  4-METHYLPENTANOCACD  -  PFB 

14  HEXANOC  ACD  -  PFB 

15  2-METHYLHEXANOC  ACD  -  PFB _ 

16  PHENOL -PFB  * 

17  CYCLOPENTANECARBOXYLIC  ACID  -  PFB 

10  5 -METHYL HEXANOC  ACD  -  PFB _ 

19  O-CRESCL  -  PFB 

20  2-ETHYLHEXANOIC  ACID  -  PFB 

21  HEPTANOC  ACID  -  PFB _ 

22  m-CRESCL  -  PFB 

23  p-CRESOL  -  PFB 

24  1  -CYCLOPENTENE- 1  -CARBOXYLIC  ACID  -  PFB 

25  o-ETHYLPHENCL  -  PFB  ~ ~ 

26  CYCLOP ENTAN FACET  1C  ACID  -  PFB 

27  2,6-DIMETHYLPHENCL  -  PFB _ 

28  2,5-DIMETHYLPHENCL  -  PFB  ~ " 

29  CYCLOHEXANECARBOXYLfC  ACID  -  PFB 
3  -CYCLOHEXENE- 1  -CARBOXYLIC  ACID  -  PFB 


34  2,3-DIME THYLPHENCL  -  PFB 

35  p  -  ETHYLPH ENOL  -  PFB 

36  BENZOIC  ACIO  -  PFB _ 

37  3.4- DIME  THYLPHENCL  -  PFB 

38  m-M ETHYLBENZOIC ACID  -  PFB 

39  1 -CYCLOHEXENE- 1 -CARBOXYLIC  ACID  -  PFB 

40  CYCLOHEXANEACETIC  ACID  -  PFB 

41  2-PHENYLPROPANOIC  ACID  -  PFB 

42  o-METHYLBENZOICACID  -  PFB 

43  PHENYLACETIC  ACID  -  PFB 

44  m-TOLYLACETC  ACID  -  PFB 

45  o-TCLYLACERC  ACID  -  PFB _ 

46  2.6-DIMETHYLBENZOC  ACID  -  PFB 

47  p  -  TCLYLACETIC  ACID  -  PFB 

48  p- METHYLS ENZQC  ACD  -  PFB _ 

49  3-PHENYLPROPANOIC  ACID  -  PFB 

50  2,5-  D IMETHYLBENZOIC  ACID  -  PFB 

51  DECANOC  ACIO  -  PFB  _ 


52  2. 4- D  IMETHYLBENZOIC  ACIO  -  PFB 

53  3.5-OIMETHYLBENZOCACIO  -  PFB 

54  2.3- DIMETHYLBENZOC  ACID  -  PFB _ 

55  4-ETHYLB0SIZOC  ACIO  -  PFB 

56  2.4,0- TRIM ETHYLBENZOC  ACIO  -  PFB 

^^^3,4-0  IMETHYLBENZOIC  ACID  -  PFB _ 

.4,5-TRIMETHYLBENZOC  ACIO  -  PFB 


FTA2-05 


6 


a 

6 

: THYLPHENCL  -  PFB 

5 

:B  ' 

■ 

+  ** 

FTA2-06 


9 


Standard 
8 1  ark 


7 

3,3-0  IMETHYLBUTYRC  ACID  -  PFB 

22 

NF. 

*•* 

e 

PEN  TAN  OC  ACO  -  PFB 

.  23 

17 

54 

56 

32 

70 

0 

2,3-0 IMETHYLBUTYRIC  ACID  -  PFB 

*  +  * 

*** 

6 

NF. 

10 

2-ETHYLBUTYRIC  ACIO  -  PFB 

*** 

NF. 

NF. 

NF. 

NF. 

•** 

ii 

2-METHYLPENTANOC  ACD  -  PFB 

*** 

NF. 

NF. 

*** 

12 

3-METHYLPENTANOC  ACD  -  PFB 

NF. 

*** 

#** 

*** 

*•* 

*** 

NF. 

*** 

NF. 

NF. 

*** 

NF. 

NF. 

656 

438 

54 

14 

8 

15 

•** 

NF. 

NF. 

NF. 

NF. 

NF. 

NF. 

NF. 

•  A* 

NF. 

NF. 

NF. 

NF. 

NF. 

•  ** 

NF. 

NF. 

8 

NF. 

NF. 

*** 

*** 

*** 

NF. 

NF. 

'**  Indicates  concentration  cf  extract  was  below  lowest  calibration  standard  (5  ppb) . 
NF.  indicates  not  found. 


- 

~  ”  Table  1.  Quantitative  Report  and  OC  Data  lor  Phenols  and  Allphatc  and  Aromatic 

Adds 

for  Samples  from 

Cape  Canaveral 

(Service  Request 

SF-2-163). 

Concentration  ppb 

50  ppb 

50  Ppb 

Standard 

Standard 

Extraction 

Extraction 

Extraction 

Extraction 

Bfvnk 

Blark 

Recovery 

Recovery 

1 

PROPANOIC  AGIO  -  PFB 

48 

6 

e 

81 

««• 

10 

2 

2-METHYLFROPANOIC  ACID  -  PFB 

20 

••• 

••• 

«  *# 

11 

17 

3 

TRIMETHYL  ACETC  ACID  -  PFB 

12 

*•* 

40 

43 

4 

BUTYRIC  AGIO  -  PFB 

40 

14 

10 

23 

20 

5 

2-METHYLBUTYRiCACI0  -  PFB 

•  ** 

•  aa 

34  - 

35 

6 

3-METHYLBUTYRIC  ACID  -  PFB 

*•* 

•  *« 

•  a  a 

30 

34 

7 

3,3-DIMETHYLBUTYRIC  ACID  -  PFB 

•** 

NF. 

••• 

NF. 

45 

50 

0 

PENTANOC  ACD  -  PFB 

15 

47 

64 

8 

64 

47 

6 

2,3- DIME 7HYIBUTYRIC  ACID  -  PFB 

* 

NF. 

*«« 

NF. 

45 

50 

10 

2  -  E7HYLBUTYR  1C  ACID  -  PFB 

NF. 

+  *« 

NF. 

44 

46 

11 

2-METHYLPENTANOCACD  -  PFB 

NF. 

NF. 

45 

46 

12 

3-METHYLPENTANOC  ACD  -  PFB 

•  ** 

*•* 

NF. 

44 

45 

13 

4-METHYLFENTANOCACO  -  PFB 

NF. 

•  •• 

NF. 

44 

46 

14 

HEXANOCACO  -  PFB 

18 

29 

75 

25 

92 

61 

15 

2-METHYTJHEXANOC  ACD  -  PFB 

NF. 

NF. 

NF. 

46 

51 

18 

PHENOL  -  PFB 

NF. 

•** 

17 

37 

17 

CYCLOPENTANECARBOXYUC  ACI0  -  PFB 

NF. 

NF. 

NF. 

NF. 

40 

42 

18 

5-METHYLHEXANOC  ACD  -  PFB 

NF. 

NF. 

NF. 

NF. 

47 

38 

19 

o-CRESCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

32 

49 

20 

2-ETHYLHEXANOIC  ACID  -  PFB 

70 

24 

47 

5 

75 

50 

21 

HEPTANOC  ACID  -  PFB 

12 

5 

19 

0 

68 

54 

22 

m-CRESCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

27 

47 

23 

p-CRESCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

31 

45 

24 

1-CYCLOPENTENE-1 -CARBOXYLIC  ACID  -  PFB 

NF. 

NF. 

NF. 

38 

42 

25 

o-ETHYLPHENCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

35 

50  ‘ 

28 

CYCLOPENTANEACETIC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

45 

48 

27 

2,6- DIME  THYLPHENCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

30 

40 

28 

2,5“ DIME THYLPHENCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

37 

45 

29 

CYCLOHEXANE  CARBOXYL  1C  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

45 

49 

30 

3 -CYCLOHEXENE- 1 -CARBOXYLIC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

45 

48 

31 

2,4-DIMETHYLPHENOL  -  PFB 

NF. 

NF. 

NF. 

NF. 

34 

40 

32 

3.5-DIMETHYLPHENOL&  M-ETHYLPHENCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

30 

50 

33 

OCTANOC  ACID  -  PFB 

7 

•  •• 

10 

5 

53 

60 

34 

2,3- DIME  THYLPHENCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

38 

50 

35 

p  -  ETHYLPHENOL  -  PFB 

NF. 

NF. 

NF. 

NF. 

33 

55 

38 

BENZOIC  ACID  -  PFB 

5 

5 

7 

B 

55 

52 

37 

3,4- DIME  THYLPHENCL  -  PFB 

NF. 

NF. 

NF. 

NF. 

34 

50 

38 

m-METHYLBENZOIC  ACID  -  PFB 

NF. 

NF. 

«•» 

NF. 

36 

42 

39 

1 -CYCLOHEXENE- 1 -CARBOXYLIC ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

48 

51 

40 

CYCLOHEXANEACETIC  ACID  -  PFB 

NF. 

NF. 

NF. 

46 

50 

41 

2  -PHENYLPROPANOIC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

47 

50 

42 

o-METHYlBENZOIC  ACIO  -  PFB 

NF. 

NF. 

48 

51 

43 

PHENYLACETIC  ACID  -  PFB 

•  •• 

•  •• 

•  •4 

aa  • 

48 

52 

44 

m-TOLYLACETC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

40 

51 

45 

o-TCLYLACETTC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

42 

48 

40 

2.0- DIME  THYLBENZOIC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

52 

55 

47 

p  - T OLYLACETIC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

43 

50 

46 

p-METHYLBENZOC  ACD  -  PFB 

NF. 

NF. 

NF. 

NF. 

48 

53 

49 

3 -PHENYLPROPANOIC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

46 

49 

50 

2. 5- DIME  THYLBENZOIC  ACID  -  PFB 

NF. 

NF. 

•  •• 

NF. 

49 

46 

51 

DECANOC  ACID  -  PFB 

10 

5 

•  •• 

49 

49 

52 

2,4 -DIMETHYTJBENZOIC  ACIO  -  PFB 

NF. 

NF. 

NF. 

NF. 

49 

50 

53 

3,5-DIME  THYLBENZOIC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

48 

49 

54 

2,3- DIME  THYLBENZOIC  ACIO  -  PFB 

NF. 

NF. 

NF. 

NF. 

SI 

50 

55 

4-ETHYL8ENZOC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

49 

53 

56 

2.4,0- TRIM  ETHYL  BENZOC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

49 

51 

57 

3,4-DIME  THYLBENZOIC  ACID  -  PFB 

NF. 

NF. 

NF. 

NF. 

46 

53 

58 

2,4,5-  TRIMETHYLBENZOC  ACIO  -  PFB 

NF. 

NF. 

NF. 

NF. 

53 

60 

•**  Indicates  conccntratJon  of  exYact  was  below  I  owes  t  calibration  standard  (5  ppb) . 
NF.  Indicates  not  found. 


Ref:  96-SH7/vg 


February  1,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift^ 

Dear  Don: 

Attached  are  TOC  results  for  52  liquids  submitted  January 
30,  1996  under  Service  Request  #SF-2-183.  Sample  analysis  was 
begun  and  completed  February  1,  1996  using  RSKSOP-102. 

Blanks,  duplicates  and  AQC  samples  were  analyzed  along  with 
your  samples,  as  appropriate,  for  quality  control.  If  you  have 
any  questions  concerning  this- data,  please  feel  free  to  ask  me. 


xc :  R . L .  Cosby 
G.B.  Smith 
J.L.  Seeley  ^ 


Sincerely, 

V\  v 

\  J  Jyf 

Sharon  Hightowfer 


_ ManTech  Environmental  Research  Services  Corporation 

R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1189  405-436-8660  FAX  405-436-850 1 


KAMPBELL  TOC  CAPE  CANAVERAL  LIQUIDS  SF-2-183 


SAMPLE 

Mg/L  TOC 

CPT-1 

56.8 

CPT-2 

5.8 

CPT-3 

4.1 

OPT- 4  REP1 

6.3 

CPT-4  REP2 

6.5 

CPT-S  REP2 

6.0 

CPT-6  REP2 

5.6 

CPT-7  REP1 

2.5 

CPT-8  REP2 

9.1 

CPT-8  REP2  DUP 

9.2 

MP-2  REP2 

14.4 

MP-3  REP2 

11.1 

MP-5  REP2 

9.4 

MP-5  REP2  DUP 

9.2 

KP-6  RE PI 

7.8 

MP-15  REP1 

1.1 

MP-4D 

10.3 

MP4S  REPl 

8.6 

MP4S  REP2 

7.9 

MP1D  REP2 

12.4 

MvV-1  REPl 

3.4 

MW -2  REP2 

30.6 

MW7S  REP2 

5.9 

MW1 0  REPl 

5.9 

MW10  DUP 

6.0 

mw  19s 

18.2 

MW- 70  REP2 

5.0 

CCFTA2-3  REP2 

12.8 

CCFTA2-9D  REP2 

3.5 

CCFTA2-9S 

40.6 

CCFTA2-11 

3.4 

CCFTA-19D 

5.6 

FTA2-06  REP2 

96.6 

FTA-8S  REPl 

1.5 

FTA-8S  REP2 

2.6 

FTA-8S  REP2  DUP 

2.7 

CCFTA2-19I  REP2 

4.1 

FTA-8D  REP2 

2.5 

FTA-13D  REP2 

4.2 

FTA13-S  REP  2 

55.8 

FTA-14  REP2 

14.5 

FTA-15S 

6.3 

FTA-20D  REP2 

7.0 

FTA-20S  REPl 

11.8 

FTA-21D 

5.1 

FTA-21I  REP2 

3.2 

FTA-21S  REP  2 

4.0 

FTA-160  REP2 

4.0 

KAMPBELL  TOC  CAPE  CANAVERAL  LIQUIDS  SF-2-183 


SAMPLE  MG/L  TOC 


FTA-16S  REP2  19.9 

FTA2-04  REP2  7.0 

FTA2-04  REP  2  DUP  7.1 
FTA2-05  REP2  12.2 

FTA2-12  REP2  4.8 

FTA-165  REP1  13.9 

FTA2-18  REP2  90.3 

FTA-20I  REP2  4.8 

WP034-II  6.4 


WP034-II  t . v. =6 . 30 


mm 

TECm 


Refs  96\LB15 
February  8,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U . S .  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift^^/ 

Dear  Don: 

Please  find  attached  the  analytical  results  for  Service 
Request  SF-2-183  requesting  the  analysis  of  groundwater  samples  to 
be  analyzed  by  purge-and-trap/GC-FID:PID  for  Benzene,  Toluene, 
Ethylbenzene,  p-,  m-,  &  o-Xylene,  1,3,5-,  1,2,4-,  &  1,2,3- 

Trimethylbenzene,  and  Total  Fuel  Carbon.  We  obtained  your  34 
samples  in  duplicate,  in  capped,  40  mL  VOA  autosampler  vials  on 
January  29,  1996,  and  they  were  analyzed  on  February  6-7,  1996. 
Samples  were  stored  at  4°C  until  analyzed.  All  samples  were 
acquired  and  processed  using  the  Millennium  data  system.  A  5  place 
( 500  ppb)  external  standard  curve  was  used  to  quantitate  the 
compounds .  •  - . — . 


RSKSOP-133 ,  "Simultaneous  Analysis  of  Aromatics  and  Total  Fuel 
Carbon  by  Dual  Column-Dual  Detector  for  Ground  Water  Samples"  was 
used  for  these  analyses.  Autosampling  was  performed  using  a 
Dynatech  Precision  autosampler  system  in  line  with  a  Tekmar  LSC 
2000  concentrator. 


Sincerely, 


Lisa  R.  Black 


xc:  R.  L.  Cosby 
G . B .  Smith 
J.T.  Wilson 
J.L.  Seeley^ 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1 189  405-436-8660  FAX  405-436-8501 
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Ref:  96-RWC6/vg 
February  22,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU  *  ^  A  _ _ I  -P  4—  </ 


:  S.A.  Vandegrift  5^ 


Dear  Don : 

Attached  is  a  report  of  the  data  generated  from  the  analyses 
of  flve  sample  core  extracts  from  Cape  Canaveral  AFB,  FL 

which  were  submitted  under  Service  Request  #SF-2-183.  The 
extracts  were  analyzed  for  total  fuel  hydrocarbons  as  JP-4  jet 
fuel.  Data  from  the  analyses  of  five  calibration  check 
standards,  one  solvent  blank  and  one  method  blank  are  also 
included  in  the  report. 

Data  quantification  and  component  concentration  calculations 
were  performed  with  Millennium  chromatography  software.  JP-4 
data  was  quantified  with  a  7-point  external  standard  calibration 
curve  ranging  from  50  to  50,000  ng/ul. 

Sample  core  extracts  were  received  February  20,  1996 
Analyses  were  performed  February  21  and  22,  1996,  in  accordance 

i^th^^^  ^A  RSV'  #1*  Modifications  to  RSKSOP-72  are  detailed 
m  the  attached  outline. 


Sir/cerely, 


xc  :  R . L .  Cosby 
G.B.  Smith 
J.L.  Seeley 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1 189  405-436-8660  FAX  405-436-8501 


HP5880  GC  -  OPERATING  CONDITIONS 


A.  Instrument  Control 

1.  Analyses:  “HILL  AFB“ 

2.  Program:  "RWC-AS10* 

3.  Calibration:  "WOOD,  SF-1 -150" 

B.  Temperature  Program 

1 .  Initial  Temp  &  Time:  10C  for  3.00  min 

2.  Level  1 :  Rate  =  4C/min  to  70C,  Final  time  =  0.00  min 

3.  Level  2:  Rate  =  1  .OC/rnin  to  75C,  Final  time  =  0.00  min 

4.  Level  3:  Rate  =  lOC/mln  to  290C,  Final  time  =  15.50  min 

5.  RunTime:  60.00  min 

6.  Oven  Equilibration  Time:  1.00  min 

C.  Miscellaneous 

1.  Peak  Width:  0.02 

2.  Attenuation:  2A5 

3.  Chart  Speed:  0.50 

4.  Threshold:  0 

5.  Offset:  10% 


MILLENNIUM  PROCESSING  METHOD  PARAMETERS 

A.  Integration  Window 

1.  Peak  Width:  285.00 

2.  Minimum  Area:  1 

3.  Threshold:  1.000 

4.  Minimum  Height:  100 

5.  Timed  Events: 


Start 

Event  Description 

Value  Stop 

a. 

6.843 

Allow  Negative  Peaks 

9.697 

b. 

9.697 

Forced  Baseline  by  Time 

13.723 

c. 

13.723 

Forced  Baseline  by  Time 

24.777 

d. 

24.777 

Forced  Baseline  by  Time 

26.727 

e. 

26.727 

Forced  Baseline  by  Time 

31.977 

f. 

31.977 

Forced  Baseline  by  Time 

36.457 

g. 

36.457 

Forced  Baseline  by  Time 

39.237 

h. 

39.237 

Forced  Baseline  by  Time 

40.713 

1. 

42.000 

Set  Minimum  Height 

800.00 

B. 


C. 


Component  Table  Window 

1.  Component:  JP-4 

2.  Retention  Time:  6.30  to  50.00  min 

3.  Quantified  by:  area 

4.  Calibration  Curve 

a.  Range:  50  •  50,000  ng/ul 

b.  Curve  Fit:  quadratic 

c.  Weighting:  1/X 

QuIckSet  Parameters  for  Data  Acquisition 

1 .  Data  Start:  6.30  min 

2.  Run  Time:  50.00  min 

3.  Acquisition  Rate:  5  polnts/sec 


Ref:  9 6 -MB 2 

February  12,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  Ok  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 

The  fuel  carbon  extractions  of  the  Cape  Canaveral  core,  as 
requested  by  Service  Request  #SF-2-183,  have  been  completed.  The 
samples  were  prepared  as  follows:  Using  a  lOcc  plastic  syringe 
with  the  tip  cut  off,  a  core  sample  was  removed  from  the  half 
pint  sample  jars  and  placed  intp  a  tared  40ml  VOA  vial  that 
contained  5ml  of  methylene  chloride  and  5ml  of  DI  water.  The 
vial  was  reweighed  to  obtain  a  sample  weight,  this  weight  was 
recorded  in  a  lab  book.  The  vials  were  placed  on  a  wrist  action 
shaker  for  30  minutes  prior  to  the  extraction  procedure.  The 
core  samples  arrived  from  Cape  Canaveral  AFS  on  February  5,  1996 
and.  the  extractions  were  complete  on  February  7,  1996.  A  total 
of  5  extracts  and  1  method  blank  were  distributed  to  Dave  Kovacs 
for  GC\MS  analysis.  The  method  used  was  "RSKSOP-72" 

(modification  1).  Please  find  attached  the  %  moisture 
determinations  copied  from  my  lab  book. 

If  you  have  any  questions  concerning  the  preparation  of 
these  extracts,  please  see  me  at  your  convenience. 


Sincerely, 

Mark  A.  Blankenship 


xc: 


R.L. 

J.L. 

G.B. 


Cosby  q 

Seeley 

Smith 


_ ManTech  Environmental  Research  Services  Corporation 

R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Research  Drive 
Ada, Oklahoma 74821-1189  405-436-8660'  FAX 405-436-8501 
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February  14,  1996 

Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift^\/ 

Dear  Dr.  Kampbell: 

This  report  contains  the  results  of  my  GC/MSD  analysis  of  Cape  Canaveral  AFS  core 
extracts  for  quantitation  of  benzene,  toluene,  trichloroethene  (TCE),  ethylbenzene  (EB),  p- 
Xylene,  m-Xylene,  o-Xylene,  1,3,5-trimethylbenzene  (1,3,5-TMB),  1,2,4-trimethylbenzene 
(1,2,4-TMB)  and  1,2,3-trimethylbenzene  (1,2,3-TMB)  (Service  Request  #SF-2-183). 

The  analytical  method  was  a  modification  of  RSKSOP-124.  Cool  on-column  injection 
(0.5  pi)  was  used  with  electronic  pressure  control  set  for  a  constant  flow  of  0.9  ml/min.  A  30m 
X  0.25mm  Restek  Stabilwax  (Crossbonded  Carbowax-PEG,  0.5pm  film)  capillary  GC  column 
with  9"  X  0.53  mm  ID  uncoated  capillary  precolumn  was  used.  The  ions  chosen  were  those 
listed  in  EPA  method  524.2  Revision  3.0.  Standards  calibration  ranged  from  0.025  to  250  pg/ml. 
A  complete  report  detailing  the  acquisition  method  and  calibration  curve  has  been  recorded.  The 
samples  were  extracted  by  Mark  Blankenship  on  February  7,  1996,  with  GC/MSD  data 
acquisition  on  February  9,  1996. 


Sample 


The  follwing  quantitation  results  were  obtained  (BLQ  <  0.025  ug/ml): 


MP-1S  9-10' 
MP-3  10' 
MP-4S  7 
MP-5  7 
MP-6  7 


No  target  compounds  detected  except  toluene  =  BLQ 
No  target  compounds  detected 
No  target  compounds  detected 
No  target  compounds  detected  except  toluene  =  BLQ 
No  target  compounds  detected 


If  I  can  be  of  further  assistance,  please  feel  free  to  contact  me. 


mcerely,. 


)avid  A.  Kovacs 


xc:  R.L.  Cosby 
J.L.  Seeley 
G.B.  Smith  0/ 


_ ManTech  Environmental  Research  Services  Corporation 

R.S.  Kerr  Environmental  Research  laboratory,  P.O.  Box  1198,  919  Research  Drive 
Ada,  Oklahoma  7482 1-1 189  405-436-8660  FAX  405-436-8501 
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Ref : 


96- JH13/vg 


February  14,  1996' 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift  <y\J 

Dear  Don : 


Find  attached  results  for  methane,  ethylene  and  ethane  on  47 
samples  received  January  26  and  29,  1996  under  Service  Request 
#SF-2-l83 .  Samples  were  prepared  and  calculations  done  as  per 
RSKSOP-175.  Analyses  were  performed  as  per  RSKSOP-147. 


If  you  have  any  questions  concerning  this  data,  please 
contact  me . 


Sincerely, 

Jeff  Hickerson 


xc :  R . L .  Cosby 
G.B.  Smith 
J.L.  Seeley 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1189  405-436-8660  FAX  405-436-8501 


SR#  SF-2-1 83 


ANALYSIS  PERFORMED  1-30-96 


SAMPLE 

METHANE 

ETHYLENE 

ETHANE 

LAB  BLANK 

BLQ 

ND 

ND 

CPT-1 

4.57 

ND 

BLQ 

CPT-2 

0.029 

ND 

ND 

CPT-3 

0.317 

ND 

ND 

CPT-4 

0.027 

ND 

ND 

■  FIELD  DUP 

0.027 

ND 

ND 

CPT-5 

5.49 

0.048 

BLQ 

CPT-6 

0.464 

0.044 

BLQ 

CPT-7 

0.127 

ND 

ND 

CPT-8 

0.009 

ND 

ND 

MP-1D 

0.005 

ND 

BLQ 

"  LAB  DUP 

0.004 

ND 

BLQ 

MP-1S 

0.005 

ND 

ND 

MP-2 

0.719 

0.057 

0.009 

MP-3 

0.501 

0.188 

0.055 

MP-4D 

1.20 

0.150 

0.003 

MP-4S 

0.039 

BLQ 

BLQ 

"  FIELD  DUP 

0.039 

BLQ 

BLQ 

MP-5 

0.744 

ND 

ND 

MP-06 

0.427 

0.107 

0.013 

MW-1 

0.002 

ND 

ND 

MW-2 

0.605 

BLQ 

ND 

MW-10 

0.461 

ND 

ND 

"  LAB  DUP 

0.423 

ND 

ND 

Page  1 


SR#  SF-2-1 83 


ANALYSIS  PERFORMED  2-1-96 


SAMPLE 

METHANE 

ETHYLENE 

ETHANE 

LAB  BLANK 

BLQ 

ND 

ND 

FTA-18 

6.97 

ND 

BLQ 

FTA2-19D 

0.045 

BLQ 

BLQ 

FTA2-19I 

0.409 

ND 

ND 

FTA-20D 

0.040 

ND 

BLQ 

"  LAB  DUP 

0.036 

ND 

BLQ 

FTA-201 

0.136 

ND 

BLQ 

FTA-20S 

2.54 

0.028 

ND 

FTA-21D 

0.040 

BLQ 

ND 

FTA-211 

0.038 

ND 

ND 

FTA-21S 

1.34 

0.006 

ND 

"  LAB  DUP 

1.21 

0.006 

ND 

10  PPM  CH4 

9.98 

NA 

NA 

100  PPM  CH4 

100.08 

NA 

NA 

1000  PPM  CH4 

998.91 

NA 

NA 

1%  CH4 

1.00 

NA 

NA 

10%  CH4 

10.00 

NA 

NA 

10  PPM  C2H4 

NA 

10.19 

NA 

100  PPM  C2H4 

NA 

99.96 

NA 

1000  PPM  C2H4 

NA 

999.62 

NA 

10  PPM  C2H6 

NA 

NA 

10.22 

100  PPM  C2H6 

NA 

NA 

99.94 

LIMITS  OF  QUANTITATION. 

METHANE  ETHYLENE  ETHANE 


0.001  0.003  0.002 

SAMPLE  UNITS  ARE  mg/L. 

STANDARDS  UNITS  CORRESPOND 
TO  THE  SAMPLE  COLUMN. 

BLQ  DENOTES  BELOW  LIMIT  OF  QUANTITATION. 
ND  DENOTES  NONE  DETECTED. 

NA  DENOTES  NOT  ANALYZED. 
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SR#  SF-2-1 83 


ANALYSIS  PERFORMED  1-31-96 


k  SAMPLE 

METHANE 

ETHYLENE 

ETHANE 

V 

LAB  BLANK 

BLQ 

ND 

ND 

MW-7D 

0.204 

ND 

ND 

MW-7S 

0.078 

0.016 

BLQ 

MW-19S 

0.036 

ND 

ND 

FTA2-3 

1.10 

BLQ 

ND 

"  LAB  DUP 

0.960 

BLQ 

ND 

FTA2-04 

1.25 

ND 

ND 

FTA-05 

1.01 

0.010 

BLQ 

FTA2-06 

4.90 

ND 

ND 

FTA-8D 

0.062 

ND 

ND 

FTA-8S 

0.813 

ND 

ND 

"  FIELD  DUP 

0.831 

ND 

ND 

FTA2-9D 

0.207 

ND 

ND 

FTA2-9S 

0.348 

0.030 

ND 

FTA2-11 

0.524 

BLQ 

ND 

FTA2-12 

0.002 

ND 

ND 

FTA-13D 

1.24 

ND 

BLQ 

"  LAB  DUP 

1.11 

ND 

ND 

FTA-13S 

0.042 

ND 

ND 

FTA-14 

1.66 

0.225 

0.003 

FTA-15S 

0.629 

ND 

ND 

FTA-16D 

0.121 

ND 

BLQ 

^  FTA-16S 

0.125 

ND 

ND 

U  "  FIELD  DUP 

0.124 

ND 

ND 

L  A 


f  ^ 

L  A 
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Ref:  96/JAD10 

March  12,  1996  • 


Dr.  Don  KampbeJLl 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift  W 


Dear  Don: 

As  requested  in  Service  Request  #  SF-2-183,  headspace  GC/MS 
analysis  of  48  Cape  Canaveral  water  samples  for  volatile  organics 
was  completed.  The  samples  were  received  on  January  29,  1996  and 
analyzed  on  February  9,  1996.  RSKSOP-148  (Determination  of 

Volatile  Organic  Compounds  in  Water  by  Automated  Headspace  Gas 
Chromatography /Mass  Spectrometry  (Saturn  II  Ion  Trap  Detector)  was 
used  for  this  analysis. 

An  internal  standard  calibration  method  was  established  for 
the  11  compounds.  The  standard  curves  were  prepared  from  1.0  to 
2000  ppb.  The  lower  calibration  limits  were  1.0  ppb. 

The  following  compounds  were  identified  by  mass  spectra  to  be 
in  the  Cape  Canaveral  sample  set.  The  highest  levels  being  in 
sample  FTA2-9S . 

1.1. 2- Trichloro-l , 2 , 2-trif luoroethane 

1 . 2- Dichloro-l , 2 , 2-trif luoroethane 
Trichlorof luoromethane 

Dichlorofluoroethene 

Chlorotrif luoroethene 

Chloroethyne 

A  curve  was  developed  for  1, 1, 2-trichloro-l, 2 , 2- 
tr if luoroethane.  This  compound  is  present  in  sample  FTA2-9s  at 
approximately  3000  ppb. 


_ ManTech  Environmental  Research  Services  Corporation 

R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1 189  405-436-8660  FAX  405-436-8501 


A  dilution  corrected  quantitation  report  for  the  samples,  lab 
duplicates,  field  duplicates,  QC  standards  and  lab  blanks  is 
presented  in  table  1-3 . 

If  you  should  have  any  questions,  please  feel  free  to  contact 

me. 


aniel 


xc:  R.L.  Cosby 
G.B.  Smith 
D.D.  Fine 
J.L.  Seeley 
J.T.  Wilson 


Sincerely. 
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MAR-13-199S  16:04 


USzPA  RSKERL-ADfl  SSB/SPE 


425  436  8723 


P.82 


FIELD  DATA 

CAPE  CANAVERAL  AIR  STATION 


Sample 


CPT-1 


CPT-2 


DalC 

Jvedox 

7nv 

1-24-96  ! 

-230 

1-24-96  | 

-80 

1-24-96 

-2S0 

1-24-96 

-270 

MP-4S 


1-25-95 


-25-9 5 


FTA-20  D 


FTA-20  S 


MP-6 


CPT-8 


1-25-96 


1-25-96 


1-25-96 


-25-96 


1-24-96 

-290 

1-24-96 

-93 

MP-5 

1 

-25-9 

s- 

-i 

7  A 

.2 

FTA-20 1  : 

^  A 

E 

.5 

1126 


3820 


4010 


4420 


4880 


807 


2460 


585 


909 


2090 


488 


1572 


2220 


1230 


6030 


1090 


890 


7990 


Ferrous 
Iron  mg/1 


.5 


1.3 


<05 


<05 


<05 


<05 


<05 


.1 


1.0 


<05 


<.05 


<.05 


<05 


1.6 


3.6 


1.2 


1.3 


<05 


<05 


1.4 


3.6 


6. 


MAR- 13-1996  16:05 


UScPA  RSKERL-hDA  SSB/SPB 


405  436  8703  P.03 


HELD  BATA 


cape  Canaveral  air  station 


Sample  Date  j  Redox  I  pH 


Cond.  Hydrogen  Total  Ferous 

Sulfide  mg/I  Alkativity  Iron  mg/1 


MW- 10 


1-25-96 


FTA-7  S 


FTA-7D  |  1-25-96 
FTA-2-1 1  ;|  1-25-96 


CPT-7 


MP-1S 


MP-1D 


FTA-2-04 


TOTAL  P.03 


MAhfefimzk  f£M 

TECummw 


Ref:  96-THl/vg 
96-JRDl/vg 
96-LP8/vg 

February  1,  1996 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

A 

THRU:  S . A .  Vandegrift  J 
Dear  Don : 

Attached  are  the  results  of  52  Cape  Canaveral,  FL  field 
samples  submitted  to  MERSC  as  part  of  Service  Request  #SF-2-183. 
The  samples  were  received  January  26  and  29,  1996  and  analyzed 
January  29  and  30,  1996.  The  methods  used  for  analysis  were  EPA 
Methods  353.1  for  N02  and  N03>  350.1  for  NH3  and  Waters  capillary 
electrophoresis  Method  N-601  for  Cl  and  S04 .  Quality  assurance 
measures  performed  on  this  set  of  samples  included  spikes, 
duplicates,  known  AQC  samples  and  blanks. 

If  you  have  any  questions  concerning  these  results,  please 
feel  free  to  contact  us. 


Sincerely, 


G.B . 
J.L. 


Cosby 

Smith 

Seeley 


ManTech  Environmental  Research  Services  Corporation 


R-S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1 189  405-436-8660  FAX  405-436-8501 


mg/1 

mg/1 

mg/1 

mg/1 

Sample 

cl: 

SO,'2 

nq-2±nq;3j(n) 

NH3  (N) 

CPT-1 

24 . 0 

114 

<  .05 

1 . 78 

CPT-2 

871 

180 

<  .05 

1 .88 

CPT-3 

1110 

45.7 

<.05 

2 . 15 

FTA-21I 

1380 

108 

<  .05 

1.21 

FTA-21I  Dup 

1380 

110 

— 

— 

FTA-21D 

1240 

64.0 

.10 

1.49 

FTA-21S 

41 . 1 

38.5 

.  14 

1.86 

FTA-13D 

537 

13.8 

<  .05 

2 . 14 

FTA-13S 

15.1 

25.8 

<  .05 

<.05 

FTA-15S 

49.0 

45.5 

<.05 

.  57 

FTA-8D 

508 

35.8 

<  .05 

1.02 

FTA-8D  Dup 

— 

— 

<.05 

1 . 02 

FTA-8S 

20 . 0 

14 . 8 

.15 

.  58 

FTA-16S 

157 

199 

<  .05 

.27 

FTA-16D 

509 

34.3 

<.05 

1.41 

FTA-14 

105 

96.0 

<  .05 

1 . 14 

MP-4S 

1650 

356 

<.05 

1 . 96 

MP-4D 

84 . 9 

65.8 

<  .05 

.  68 

MP-5 

22.4 

80.3 

<  .05 

.31 

MP  -  5  Dup 

21.4 

82.1 

— 

— 

FTA-20I 

2350 

136 

<.05 

3.25 

FTA-20D 

4230 

238 

<.05 

2 . 54 

FTA-20S 

169 

89.8 

<.05 

.71 

MW- 10 

23 . 3 

189 

<.05 

.28 

CPT-8 

1220 

533 

<.05 

1 .69 

FTA-7D 

457 

24.3 

<.05 

1 .31 

FTA-7D  Dup 

— 

— 

<.05 

1.30 

FTA-2-11 

5.32 

13.4 

.05 

.  17 

CPT-6 

739 

191 

<.05 

1.99 

CPT-6  Dup 

710 

192 

— 

— 

CPT-7 

18 . 4 

9.82 

<.05 

<  .05 

MP-  IS 

12 . 0 

7 . 85 

<  .  05 

<  .05 

MP-1D 

185 

514 

<  .  05 

1 .69 

FTA-2-04 

20 . 9 

80.6 

<.05 

.56 

FTA-2-06 

9 . 64 

12.8 

<  .  05 

8 .31 

FTA-2-9D 

735 

42.0 

<.05 

1.34 

FTA-2-9D  Dup 

729 

42.1 

<.05 

1.33 

FTA-2-9S 

68 . 8 

20.3 

<  .  05 

3 . 62 

MW- 2 

87 . 7 

275 

<.05 

1 . 94 

FTA-2-3 

373 

348 

<.05 

1 . 26 

mg/1 

mg/1 

mg/1 

mg/1 

Sample 

cl:. 

SO,’2 

no:2*no:3  (n) 

NH3  (N) 

FTA-2-5 

213 

316 

<  .  05 

1 . 21 

MW- 1 

25 . 8 

134 

.  11 

.23 

MP-3 

35.3 

35 . 2 

<  .  05 

1 . 12 

CPT-4 

30.1 

15 . 6 

<  .  05 

.  82 

MP-2 

27.6 

92.4 

<  .  05 

.  65 

MP-2  Dup 

27 . 5 

92.5 

<  .  05 

.  64 

FTA-19I 

904 

9.13 

.  72 

2 . 03 

FTA-12 

34.3 

107 

<  .  05 

.  11 

FTA-18 

15.0 

121 

<.05 

4 . 64 

CPT-5 

885 

268 

<  .  05 

1 . 70 

MW-7S 

16.5 

18 . 9 

<  .  05 

.  06 

FTA-19D 

9190 

1100 

<  .  05 

2.54 

MP-6 

120 

96 . 7 

<  .  05 

.  68 

MW-19S 

6970 

842 

<  .  05 

Blank 

<  .5 

<  .  5 

<  .  05 

<.05 

WP034 

56 . 0 

52 . 3 

6 . 01 

8 . 79 

— 

— 

6 . 06 

8 . 80 

WP034  T.V. 

55 . 9 

52 . 0 

6 . 00 

8 . 80 

Spike  Rec . 

99% 

100% 

99% 

101% 

DRAFT 


APPENDIX  C 

BIODEGRADATION  RATE  CALCULATIONS  AND  OTHER 

CALCULATIONS 


DRAFT 


BIODEGRADATION  RATE  CONSTANT  CALCULATIONS 


First-Order  Decay  Rate  Estimation 

The  change  in  a  solute’s  concentration  in  groundwater  over  time  often  can  be  estimated 
using  the  linear  form  of  the  first-order  kinetic  model: 

C  =  (4) 


where  C  =  concentration  at  time  t  [pg/L],  Cn  =  source  concentration  [pg/L],  k  =  overall 
attenuation  rate  (first-order  rate  constant)  [day'  ] 

Using  this  relationship,  a  total  first-order  attenuation  rate  could  be  estimated  for  a  site  by 
producing  a  log-linear  plot  of  total  contaminant  concentration  versus  travel  time  for  a  series  of 
points  along  the  flowpath  of  a  contaminant  plume.  If  the  data  plot  along  a  straight  line,  the 
relationship  is  first-order,  and  an  exponential  regression  analysis  can  be  performed,  with  the 
slope  of  the  resulting  equation  equivalent  to  the  total  attenuation  rate.  This  overall 
attenuation  rate  groups  all  processes  acting  to  reduce  contaminant  concentrations  and  includes 
advection,  dispersion,  dilution  from  recharge  sorption,  volatilization,  and  biodegradation. 
This  approach  is  very  sensitive  to  hydrogeologic  variability,  as  well  as  to  the  proximity  of  the 
sampled  points  to  the  dominant  flow  path  of  the  plume,  both  laterally  and  vertically.  This  can 
contribute  to  the  generation  of  less  than  desirable  correlation  coefficients  (R2).  Because  site 
conditions  at  CCFTA-2  (FT-17)  preclude  obtaining  data  from  the  true  centerline  of  the  plume, 
this  method  was  not  used. 

Estimating  First-Order  Biodegradation  for  a  Steady-State  Plume 

In  order  to  ensure  that  some  portion  of  observed  decreases  in  contaminant  concentrations 
can  be  attributed  to  biodegradation,  measured  contaminant  concentrations  must  be  corrected 
for  the  effects  of  dispersion,  dilution,  and  sorption.  Buscheck  and  Alcantar  (1995)  derive  a 
relationship  that  allows  calculation  of  first-order  biodegradation  rate  constants  for  steady-state 
plumes.  This  method  involves  coupling  the  regression  of  contaminant  concentration  (plotted 
on  a  logarithmic  scale)  versus  distance  downgradient  (plotted  on  a  linear  scale)  to  an 
analytical  solution  for  one-dimensional,  steady-state,  contaminant  transport  that  includes 
advection,  dispersion,  sorption,  and  biodegradation. 

The  relationship  developed  by  Buscheck  and  Alcantar  (1995)  was  applied  to  the  data  from 
CCFTA-2  (FT-17).  As  expected,  the  rates  attributed  to  biodegradation  are  less  than  the  total 
attenuation  rates,  with  estimated  rates  ranging  from  one-half  to  three-quarters  of  the  total 
attenuation  rate.  Data  and  results  for  are  presented  in  Tables  C.l  through  C.5.  Because  this 
technique  uses  the  same  concentration  data  as  the  total  attenuation  technique,  it  is  also 
sensitive  to  sampling  locations  and  hydrogeologic  variability. 


DRAFT 


Estimating  First-Order  Reductive  Dechlorination:  the  Carbon  Core  as  a 
Tracer 


A  convenient  way  to  isolate  the  rate  of  biodegradation  from  other  attenuation  processes  is 
to  use  as  tracers  compounds  or  elements  associated  with  the  contaminant  plume  that  are 
relatively  unaffected  or  predictably  affected  by  biological  processes  occurring  within  the 
aquifer.  When  present,  the  trimethylbenzene  isomers  associated  with  fuels  can  serve  as  useful 
tracers  under  certain  geochemical  conditions  (Wiedemeier  et  al.,  1995  and  1996c).  Likewise, 
chloride,  a  degradation  product  of  chlorinated  solvent  biodegradation  has  the  potential  to 
serve  as  a  usefiil  tracer  (Wiedemeier  et  al,  1996b).  This  section  describes  a  tracer  method 
that  can  be  used  with  reductively  dehalogenated  solvent  plumes,  and  involves  tracking  the 
“carbon”  core  of  the  chlorinated  compounds  in  relation  to  the  remaining  chlorine  mass.  This 
method  was  first  presented  by  Moutoux  et  al.  (1996). 

Measured  tracer  and  contaminant  concentrations  from  a  minimum  of  two  points  along  a 
flow  path  can  be  used  to  estimate  the  amount  of  contaminant  remaining  at  each  point  if 
biodegradation  had  been  the  only  attenuation  process  operating  to  reduce  contaminant 
concentrations.  To  accomplish  this,  it  is  assumed  that  the  fraction  of  contaminant  remaining 
as  a  result  of  all  attenuation  processes  is  equivalent  to  the  fraction  of  contaminant  remaining 
as  a  result  of  non-destructive  attenuation  mechanisms  only,  multiplied  by  the  fraction  of 
contaminant  remaining  as  a  result  of  biodegradation.  The  fraction  of  contaminant  remaining 
as  a  result  of  all  attenuation  processes  can  be  computed  from  the  measured  contaminant 
concentrations  at  two  points  along  a  flow  path.  The  fraction  of  contaminant  remaining  as  a 
result  of  non-destructive  attenuation  mechanisms  only  can  be  estimated  from  the  tracer 
concentrations  at  the  same  two  points,  because  an  ideal  tracer  is  affected  by  non-destructive 
attenuation  mechanisms  to  the  same  degree  as  the  contaminant  of  interest  and  is  not  affected 
by  biologic  processes.  The  following  equation  uses  these  assumptions  to  solve  for  the 
estimated  downgradient  contaminant  concentration  if  biodegradation  had  been  the  only 
attenuation  process  operating  between  two  points  (/'  and  i-1)  along  the  flow  path: 


C  -  C 

^  i,  cor  r  ' — i—l,o 


f  o 

•i 

n  'S 
i-1 

UJ 

Tt  J 

(5) 


where  C,xorr=  corrected  contaminant  concentration  at  point  i;  C/./,corr=  corrected  contaminant 
concentration  at  point  i-1  (Note  that  if  point  i-1  is  the  first  or  most  upgradient  point,  Ci-i,con-  is 
equivalent  to  the  observed  contaminant  concentration.);  C,  =  observed  contaminant 
concentration  at  point  i;  C,.  /=  observed  contaminant  concentration  at  point  i-1;  T,  =  observed 
tracer  concentration  at  point  i;  and  T,.  /=  observed  tracer  concentration  at  point  i-1. 

This  equation  can  be  used  to  estimate  the  theoretical  contaminant  concentration  resulting 
from  biodegradation  alone  for  every  point  along  a  flow  path  on  the  basis  of  the  measured 
contaminant  concentration  at  the  point  of  plume  origin  and  the  contaminant/tracer  ratios 
between  consecutive  points  along  the  flow  path.  This  series  of  points  can  then  be  used  to 
estimate  a  first-order  rate  of  biodegradation  as  described  for  estimating  total  attenuation  rates. 

During  reductive  dechlorination,  the  source  chlorinated  solvent  undergoes  successive 
transformations  involving  the  replacement  of  a  chlorine  atom  by  a  hydrogen  atom;  however, 
the  carbon  core  of  both  the  parent  and  daughter  compounds  remains  unchanged  (i.e.,  no 
carbon  bonds  are  broken).  The  carbon  core  is  subject  to  the  same  non-destructive  attenuation 
mechanisms  that  act  on  the  larger  chlorinated  molecule,  but  it  is  unaffected  by  biologically 
mediated  reductive  dechlorination.  For  this  reason,  tracking  the  carbon  core  of  dissolved 
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chlorinated  solvents  can  serve  as  a  theoretically  perfect  “tracer”  for  biodegradation  via 
reductive  dechlorination.  This  assumes  that  the  only  operating  biodegradation  mechanism  is 
reductive  dechlorination. 

In  order  to  use  the  carbon  core  of  the  chlorinated  parent  and  daughter  compounds  as  a 
“tracer”  for  reductive  dechlorination,  “equivalents”  for  the  dissolved  mass  of  carbon  and 
chlorine  must  be  calculated  for  each  point  along  a  flow  path.  The  “equivalents”  are  calculated 
by  first  converting  contaminant  concentrations  into  molar  concentrations.  For  chlorinated 
ethenes,  the  carbon  equivalent  is  calculated  by  multiplying  the  number  of  carbon  atoms  per 
molecule  of  chlorinated  ethene  (2)  by  the  sum  of  the  molar  concentrations  for  PCE,  TCE, 
DCE,  VC,  and  ethene: 


Ceqi  —  2  (MpCE,i  +  A/lCE,i  +  V/DCE,i  +  A/vC.i  +  -A^Ethcne.i)  (6) 

where  Ceq;  =  carbon  equivalent  at  point  i;  Mpce,;  =  molar  concentration  of  PCE  at  point  i; 
A/TcE,i  =  molar  concentration  of  TCE  at  point  i;  Mpc vj  —  molar  concentration  of  DCE  at  point 
i;  Mvc,i  =  molar  concentration  of  VC  at  point  i;  and  =  molar  concentration  of  ethene  at 

point  i. 

The  chlorine  “equivalent”  is  defined  as  the  sum  of  the  products  of  molar  concentration  and 
chlorine  atoms  per  molecule  for  each  parent  and  daughter  compound.  For  the  chlorinated 
ethenes,  the  numbers  of  chlorine  atoms  per  molecule  are  4  for  PCE,  3  for  TCE,  2  for  DCE,  1 
for  VC,  and  0  for  ethene: 

Cleq;  =  (MpcE,i*4)  +  (MjcE,i*3)  +  (Mr)CE,i*2)  +  A/vc,i  (7) 

where  Cleq;  =  chlorine  equivalent  at  point  i. 

Using  equation  5,  and  substituting  Ceq  for  tracer  concentrations  and  Cleq  for  observed 
contaminant  concentrations,  yields  the  theoretical  total  CAH  concentrations  at  downgradient 
locations  if  reductive  dechlorination  had  been  the  only  natural  attenuation  process  operating 
along  the  flow  path.  The  same  process  can  be  used  to  determine  the  theoretical  chlorine 
equivalents.  Chlorine  equivalents,  carbon  equivalents,  the  corrected  total  CAH 
concentrations,  and  the  corrected  chlorine  equivalents  for  CCFTA-2  (FT- 17)  are  presented  in 
Table  C.6.  The  corrected  CAH  concentrations  are  useful  for  comparison  to  other  techniques; 
the  corrected  chlorine  equivalents  simplify  visualization  of  the  reductive  dechlorination  rate. 
Either  the  corrected  total  CAH  concentrations  or  corrected  chlorine  equivalents  can  be  used 
to  calculate  identical  first-order  rates  for  dechlorination.  A  log-linear  plot  is  provided  in 
Figure  C.l  for  the  1996  CCFTA-2  (FT-17)  data. 

There  are  two  important  aspects  of  this  technique  to  remember.  First,  the  calculated  first- 
order  rate  is  for  reductive  dechlorination  only.  Secondly,  the  rate  estimate  does  not 
adequately  assess  the  total  biodegradation  rate  if  biodegradation  mechanisms  other  than 
reductive  dechlorination  are  operant.  Alternate  biodegradation  avenues  are  available  for 
lower  molecular  weight  solvents  such  as  DCE  and  VC  as  groundwater  conditions  become  less 
reducing.  However,  conditions  at  CCFTA-2  (FT-17)  appear  to  be  sufficiently  reducing  that 
this  issue  should  not  be  a  concern. 


TCE  Concentration  (|ig/L) 


TABLE  C.l 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 

CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Point 

Distance 

Downgradient(ft) 

Total  CAHs  (jag/L) 
Jan-96 

CCFTA2-9S 

0 

117825 

MP3 

775 

6802 

CPT4 

885 

1595 

MP6 

1145 

3760 

CCFTA2-14 

1270 

7558 

MP4S 

1320 

5618 

PLOT  OF  TOTAL  CAH  CONCENTRATION 
VERSUS  DISTANCE 


X  =  vc/4ax([l+2ax(k/vx)]2-l) 

where  vc=0.14 
a,=  50 
k/v=  -0.0023 
therefore  X  =  -0.0003 


c/j-1,2-DCE  Concentration  (jig/L) 


TABLE  C.2 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Distance 

cis  - 1 ,2-DCE  (tig/L) 

Point 

Downgradient(ft) 

Mar-94 

CCFTA2-9 

0 

47000 

CPT4 

885 

490 

CCFTA2-1 

1270 

168 

PLOT  OF  m-U-DCE  CONCENTRATION 
VERSUS  DISTANCE 


X=  vc/4ax([l+2ax(k/vx)]2-l) 

where  vc=0.14 
ax=  50 
k/v  =  -0.0046 
therefore  X  =  -0.0005 
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TCE  Concentration  (jig/L) 


TABLE  C.3 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Distance 

TCE  (|ig/L) 

Point 

Downgradient(ft) 

Mar-94 

CCFTA2-9S 

0 

5720 

CPT4 

885 

11.7 

CCFTA2-14 

1270 

4.8 

PLOT  OF  TCE  CONCENTRATION 
VERSUS  DISTANCE 


vc/4ax([l+2ax(k/vx)]z-l) 

where  vc=0.12 
0.-50 
k/v  =  -0.0058 
therefore  X  =  -0.0005 


> 
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c/5 -1,2-DCE  Concentration  (|ig/L) 


TABLE  C.4 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Point 

Distance 

Downgradient(ft) 

cis  -1,2-DCE  (ng/L) 
Jan-96 

CCFTA2-9S 

0 

15800 

MP3 

775 

220 

CPT4 

885 

16.5 

MP6 

1145 

24.3 

CCFTA2-14 

1270 

42 

MP4S 

1320 

19 

PLOT  OF  cis -1,2-DCE  CONCENTRATION 
VERSUS  DISTANCE 


X=  vc/4ax([l+2ax(k/vx)]2-l) 

where  vc=0.14 
Ox=  50 
k/v  =  -0.005 
therefore  X  -  -0.0005 
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TCE  Concentration  (ng/L) 


TABLE  C.5 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Point 

Distance 

Downgradient(ft) 

TCE  (ng/L) 
Jan-96 

CCFTA2-9S 

0 

15800 

MP3 

775 

220 

CPT4 

885 

16.5 

MP6 

1145 

24.3 

CCFTA2-14 

1270 

42 

MP4S 

1320 

19 

PLOT  OF  TCE  CONCENTRATION 
VERSUS  DISTANCE 


*=  vc/4ax([l+2ax(k/vx)]2-l) 

where  vc=0.14 
ax=50 
k/v  -  -0.005 
therefore  X  -  -0.0005 
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TABLE  C.6 

CALCULATION  OF  DECHLORINATION  RATES 
USING  THE  METHOD  OF  MOUTOUX  ET  AL.  (1996) 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 


Step  1 :  Enter  Observed  Contaminant  Concentration  (pg/L) 


Well 

PCE 

TCE 

DCE 

VC 

Ethene 

Total  CAHs 

CCFTA2-9S 

0 

15800 

98500.0 

3080 

30 

117410.0 

MP3 

0.0 

220 

3480.0 

3080 

188 

6968.0 

CPT4 

0 

16.5 

776.00 

797.00 

48 

1637.50 

MP6 

0 

24 

1200.0 

2520 

107 

3851.3 

CCFTA2-14 

42 

971.0 

6520 

225 

7758.0 

MP4S 

0 

19.0 

556.0 

5024 

15 

5614.0 

Step  2:  Compute  Molar  Concentrations  (micromoles/Liter) 

Well  Mpeg  Mjce  Mqqe 

MVc 

M  Ethene 

Total  MCAHs 

CCFTA2-9S 

0.00 

120.26 

1016.09 

49.28 

1.07 

1186.70 

MP3 

0.00 

1.67 

35.90 

49.28 

6.70 

93.55 

CPT4 

0.00 

0.13 

8.00 

12.75 

1.71 

22.59 

MP6 

0.00 

0.18 

12.38 

40.32 

3.81 

56.70 

CCFTA2-14 

0.00 

0.32 

10.02 

104.32 

8.02 

122.67 

MP4S 

0.00 

0.14 

5.74 

80.38 

0.53 

86.80 

Step  3:  Compute  Carbon  Equivalents 

Well  Total  MCAHs  x  2 

=  Ceqi 

CCFTA2-9S 

1186.70 

2373.41 

MP3 

93.55 

187.11 

CPT4 

22.59 

45.19 

MP6 

56.70 

113.39 

CCFTA2-14 

122.67 

245.35 

MP4S 

86.80 

173.60 

Step  4:  Compute  Chlorine  Equivalents 

Well  Mpcex4  MTCe  x  3 

MDce  x  2 

MVc 

E  =  Cleqi 

CCFTA2-9S 

0.00 

360.79 

2032.18 

49.28 

2442.25 

MP3 

0.00 

5.02 

71.80 

49.28 

126.10 

CPT4 

0.00 

0.38 

16.01 

12.75 

29.14 

MP6 

0.00 

0.55 

24.76 

40.32 

65.63 

CCFTA2-14 

0.00 

0.96 

20.03 

104.32 

125.31 

MP4S 

0.00 

0.43 

11.47 

80.38 

92.29 
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TABLE  C.6  (concluded) 

CALCULATION  OF  DECHLORINATION  RATES 
USING  THE  METHOD  OF  MOUTOUX  ET  AL.  (1996) 
CCFTA-2  (FT-17)  RNA  TS 
CAPE  CANAVERAL  AIR  STATION,  FLORIDA 

Step  5:  Compute  Corrected  CAH  Concentrations 

Ci,corr  =  Cm, con  x  (Cleqi  /  CleqM)  x  (CeqM  /  Ceqi) 


Well 

CCFTA2-9S 

MP3 

CPT4 

MP6 

CCFTA2-14 

MP4S 


Cm, con 
117410.00 
117410.00 

76898.29 
73578.32 

66041.30 
58276.69 


Cleqj /CleqM 


0.05 

0.23 

2.25 

1.91 

0.74 


CeqM  /  Ceqi 


12.68 

4.14 

0.40 

0.46 

1.41 


Cj,con 

117410.00 

76898.29 
73578.32 

66041.30 
58276.69 
60658.72 


Step  6:  Average  Contaminant  Velocity 

vc(ft/day) 

0.140 


Step  7:  Plot  Exponential  Trendline  of  Contaminant  Concentration  vs.  Time 


Well 

Distance 

From 

Source  (ft) 

CAH 

velocity 

(ft/day) 

CAH 
Travel 
Time  (day) 

Cj.corr 

CCFTA2-9S 

0 

0.140 

0 

117410.00 

MP3 

775 

0.140 

5536 

76898.29 

CPT4 

885 

0.140 

6321 

73578.32 

MP6 

1145 

0.140 

8179 

66041.30 

CCFTA2-14 

1270 

0.140 

9071 

58276.69 

MP4S 

1320 

0.140 

9429 

60658.72 

Reductive  Dechlorination  Rate 

C  =  C0e'M  where: 

C  =  Corrected  Contaminant  Concentration  (pg/L)  at  time  t  (days) 
C0  =  Initial  Contaminant  Concentration  (pg/L) 
k  =  Reductive  Dechlorination  Rate  (day'1 ) 


from  Figure  C.  1 :  y  =  1 1 6677e'7E-°5x  k  =  0.00007  day'1 
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Figure  C.l 

Reductive  Dechlorination  Rate 
CCFTA-2  (FT- 17) 

Cape  Canaveral  Air  Station,  Florida 


Contaminant  Travel  Time  (days) 
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APPENDIX  D 

MODEL  INPUT  AND  OUTPUT  (ELECTRONIC) 


DRAFT 


MODFLOW  AND  MT3D  INPUT/OUTPUT 

The  enclosed  3.5-inch  diskette  contains  input  files  and  basic  output  files  for  the  models 
SR10  and  SR90.  Using  the  shareware  program  PKZIP,  these  ASCII  text  files  are 
compressed  into  the  following  files: 

srlOin.zip 

srlOout.zip 

sr90in.zip 

sr90out.zip 

The  files  “srlOin.zip”  and  “sr90in.zip”  contain  input  files  that  are  read  by  the 
MODFLOW  and  MT3D  codes.  The  files  “srlOout.zip”  and  “sr90out.zip”  include  simple 
output  files  containing  listing  information  and  messages  from  MODFLOW  and  MT3D,  as 
well  as  mass  balance  data.  To  get  the  actual  output  data  (e.g.,  heads  or  concentrations), 
the  model  must  be  run  using  the  input  files.  The  files  containing  this  information  are  quite 
large  and  not  suitable  for  distribution  on  diskette. 

To  restore  the  files,  use  PKUNZIP.EXE  (included  on  the  disk)  or  any  other  similar 
program  such  as  WinZip  .  To  use  PKUNZIP,  copy  the  four  files  listed  above  and 
PKUNZIP.EXE  to  a  directory  on  your  computer  (e.g.,  C:\MODEL).  Then,  at  the  DOS 
prompt  (or  using  “Start”  and  then  “Run”  in  Windows  95),  type  “pkunzip  filename. zip” , 
where  filename  is  the  name  of  the  file  to  be  uncompressed. 
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GRAPHICAL  OUTPUT  OF  TRANSPORT  MODEL  RESULTS 
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